
3GPP TSG RAN WG1 #52 


                        R1-080676
Sorrento, Italy, February 11 – 15, 2008
Agenda item:
6.1.4
Source: 
Samsung 

Title: 



ACK/NAK DTX Detection in the PUSCH
Document for:
Discussion and Decision
1 Introduction

This contribution is a revised version of R1-080031. One open issue related to transmitting ACK/NAK in the PUSCH is DTX detection when the DL grant is missed by the UE and the eNB expects the corresponding ACK/NAK to be included in a later UL sub-frame where the UE happens to have PUSCH transmission.

Previous suggestions to avoid this problem include either always having 1 bit in the UL grant to indicate to the UE that the eNB expects it to transmit ACK/NAK or, if an UL grant does not exist, always reserving space in the PUSCH (depending on the PUSCH MCS) for ACK/NAK transmission [1]. In both approaches, DTX can only be interpreted as NAK. However, the most severe drawback is that neither approach is efficient. 
In order for the 1 bit inclusion in the UL grant to be useful, a UE does not only need to miss a previous DL grant, but it also needs to have PUSCH and ACK/NAK transmissions in the same UL sub-frame and DTX to be interpreted as ACK (instead of DTX or NAK). Assuming 1% DL grant BLER, hundreds or thousands of PDCCH bits will be transmitted for no purpose for a single such bit to be useful. Note that unlike the claim in [1], there is no rate matching issue associated with the inclusion or not of ACK/NAK signaling in the PUSCH as puncturing is applied and the eNB will anyway discard the corresponding PUSCH bits when it expects the UE to be transmitting ACK/NAK. 

In case of PUSCH transmission without an UL grant, reserving PUSCH resources for the ACK/NAK may be acceptable for moderate to high SINRs where only 1 ACK/NAK symbol per slot suffices, but it results to substantial overhead for low SINRs (in the order of 1 SC-FDMA symbol per slot for small RB allocations) [2].

This contribution considers the ACK/NAK DTX detection in the PUSCH while avoiding introducing any overhead in the DL grant and the PUSCH. This is achieved by utilizing the PUSCH transmission with a trivial increase in its encoding/decoding complexity while fulfilling the DTX-to-ACK error rate requirements [3]. 

2 ACK/NAK DTX Detection
Figure 1 shows the PUSCH transmission with and without ACK/NAK insertion. The case of only 1 ACK/NAK symbol in one SC-FDMA symbol per slot (high SINRs) is considered to illustrate the difficulty in detecting ACK/NAK DTX without additional mechanisms. Clearly, reliably interpreting DTX from a few data symbols per slot is not possible.
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Figure 1: PUSCH Transmission with and without ACK/NAK Transmission (medium to high PUSCH MCS).
When the UE transmits ACK/NAK in the PUSCH, the UE punctures data symbols to insert ACK/NAK symbols. The punctured symbols are not accounted in the rate matching. Therefore, in case the UE does not transmit ACK/NAK in the PUSCH when the eNB expects it, the eNB decoder will treat the corresponding data symbols as erasures. However, as the eNB expects the UE to transmit ACK/NAK, it will assign the corresponding PUSCH MCS accordingly and it is as likely as usual that the data CRC check will pass despite the previous erasures. 
To allow for actual ACK/NAK DTX detection in the PUSCH without any signaling overhead, the UE can simply use different CRC masking when it includes ACK/NAK. For example, the UE ID can mask the CRC when ACK/NAK is included in the PUSCH; otherwise, no CRC masking is applied. The impact on the UE transmitter and eNB receiver complexity is trivial. The only requirement for the eNB is to perform two CRC checks; one for the CRC masked with the UE ID and another for the unmasked CRC. If one of these two CRC passes, a DTX will practically never be interpreted as ACK/NAK. The eNB will know that the UE missed the DL grant and it will assign the new PDSCH transmission using the correct RV. In addition, DTX detection is largely decoupled from the ACK/NAK one and the performance of the latter can be improved as a 2-state decision instead of a 3-state one is needed. The additional ACK/NAK decision latency is equal to the decoding latency of about 1 msec and does not affect subsequent scheduling.
The DTX-to-ACK error probability is equal to the product of the following error probabilities (independent events):

· DL grant miss (~1%)

· PUSCH and ACK/NAK transmissions are in the same sub-frame (variable)

· Incorrect PUSCH detection (~10%)

· DTX-to-ACK detection (<50% - depends on the ACK/NAK symbol space)

Therefore, the total probability of a DL grant leading to erroneous operation requiring MAC ARQ intervention is less than 0.01%, i.e. smaller than the lower bound of the NAK-to-ACK target BER [3]. Additional implementation-specific measures may be applied to further reduce this probability. For example, when both CRC checks fail, the eNB receiver may bias the NAK decision. Also, the scheduler may target a lower PUSCH BLER (for low SINR UEs the PUSCH BLER is difficult to reduce but the ACK/NAK symbol space is large and a DTX-to-ACK error is much less than 50%). Therefore, the inclusion of 1 bit in the UL grant to indicate UE ACK/NAK transmission can be avoided.

For PUSCH transmissions without an UL grant, pre-reserved ACK/NAK space can also be avoided for the same reason. This constant overhead is particularly substantial at low SINRs where its avoidance is most important. Considering the DTX-to-ACK error probability target of 1%-10% [2], the upper bound can be met with a PUSCH BLER of 20% (assuming 50% DTX-to-NAK detection probability). As previously mentioned, the eNB may bias the NAK decision when both CRC checks fail and allow for even larger PUSCH BLER than 20%. For a smaller PUSCH BLER, the mid-point of the DTX-to-ACK error probability target range can be achieved without any additional measures. 

Figure 2 illustrates the eNB receiver processing. Table 1 gives the achievable BER for the different error events [3].
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Figure 2: PUSCH ACK/NAK DTX Detection in E-UTRA UL.
Table 1: BER Targets for UL ACK/NAK Signaling
	Error Event
	Target Quality
	Achievable Quality
	Comment

	ACK miss detection (for DL-SCH)
	(1e-2)
	~0
	ACK/NAK decision is always made – DTX is through PUSCH CRC

	DTX to ACK error (for DL-SCH)
	(1e-2 – 1e-1)
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1e-1
	Assuming 
[image: image4.wmf]£

50% DTX to NAK error and/or 
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20% PUSCH BLER

	NACK to ACK error (for DL-SCH)
	(1e-4 – 1e-3)
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 (1e-4 – 1e-3)
	2-state decision (DTX decoupled) – better ACK/NAK BER


From Table 1 it can be observed that the proposed method achieves all ACK/NAK performance targets and further improves the reliability for the first and third ones by having a 2-state instead of a 3-state decision process and decoupling the DTX decision through the two CRC checks.
A limitation of PUSCH CRC based DTX detection is that the CRC mask is set from the first transmission and cannot be changed for retransmissions. Therefore, no information about the inclusion of ACK/NAK bits in the PUSCH can be provided in case of retransmissions. However, the probability of a DTX-to-ACK error, conditioned on DL grant error and the corresponding expected ACK/NAK bits occurring in the PUSCH, is the same as for the case the ACK/NAK bits are expected in the PUSCH for initial packet transmission as shown in Table 1. Both require initial packet transmission error and DTX to be interpreted as ACK. Similarly, the overall probability of a DTX-to-ACK error is less than 0.01%, i.e. below the lower bound for the NAK-to-ACK BER target range. Moreover, although not fundamentally needed, the scheduler can more easily avoid ACK/NAK transmission in the PUSCH for retransmissions. A small advantage of keeping the CRC mask of the initial transmission during retransmissions is that the DTX-to-ACK error probability for the initial transmission eventually becomes practically zero. In several cases, e.g. for delay non-sensitive services, the scheduler may possibly exploit this attribute by having PUSCH retransmissions before the next PDSCH transmission. 
In case of TDD, the use of CRC masking can be expanded to include additional masks depending on the number of included ACK/NAK bits. This can allow for the maximum granularity in the number of possible ACK/NAK bits while avoiding a 2-bit overhead for the UL grant [1].

3 Conclusions
This contribution considered utilizing the PUSCH CRC to avoid introducing overhead in the DL grant and the PUSCH to address DTX when a UE transmits ACK/NAK in the PUSCH. In summary, this can be achieved as follows: 

a) The UE masks with its ID the PUSCH CRC when it includes ACK/NAK; otherwise, no CRC masking applies. The CRC masking of the initial transmission remains the same for retransmissions.
b) If the eNB expects ACK/NAK to be included in the PUSCH for an initial transmission, it performs a CRC check for each of the previous two masking cases. If the CRC used by the UE with (without) ACK/NAK transmission passes, the eNB decides that ACK/NAK is (not) included in the PUSCH. If both CRC checks fail, the eNB can either use the ACK/NAK symbol space, as usual, to decide for ACK or NAK (and optionally for DTX or bias the NAK), or wait for the retransmissions of the initial transmission to completely avoid any DTX detection error.
c) If the eNB expects ACK/NAK to be included in the PUSCH for a retransmission, the eNB can use the ACK/NAK symbol space, as usual, to decide for ACK or NAK (and optionally for DTX).

The suggested method avoids any signaling overhead and satisfies or further improves the performance targets for the various ACK/NAK error events while introducing only trivial complexity in the UE transmitter and eNB receiver. 

It is therefore proposed that the UE masks its PUSCH CRC with its ID when it includes ACK/NAK signaling in the same sub-frame.
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