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Discussion/Decision
1 Introduction
In the Rel-13 LAA RAN1 discussion, the following agreements about UL HARQ were made [1].
Agreements

· Recommend to support asynchronous UL HARQ for UL LAA operation.

· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields.

· HARQ process number

· Redundancy version

In addition, the followings were agreed in the Rel-13 LAA RAN2 discussion [2].

Agreements

· In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.
· For LAA UL every retransmissions needs to be scheduled by PDCCH.

Compared to the LTE operating in licensed carriers, the eLAA-capable eNB and UE are required to perform LBT for access to unlicensed carriers. Then, it can frequently happen that the UE cannot perform UL transmission due to LBT failure although UL grant is already assigned to the UE. In this contribution, we focus on this situation and discuss how to handle it.

2 LBT Failure and PUSCH DTX in eLAA
In the LTE operating in licensed carriers, the UL HARQ is a synchronous process, in which a specific HARQ process is assigned to a specific subframe. Hence, the timings of ACK/NACK feedback (from eNB to UE) and retransmission (from UE to eNB) are predetermined.
Compared to the LTE operating in licensed carriers, the eLAA-capable eNB and UE are required to perform LBT for access to unlicensed carriers. Due to the LBT, the UL transmission and reception in eLAA should be re-considered in the following aspects.

(a) Although an eNB schedules a UE by sending UL grant at the subframe k, the UE cannot perform the scheduled transmission if it finds the channel busy at the subframe k + m (typically, m = 4). This phenomenon is unavoidable since the eNB cannot predict the channel status (i.e., clear or busy) that the UE will observe at the subframe k + m. Therefore, synchronous HARQ, in which UL transmission is performed in a periodic manner, is not guaranteed.
(b) Furthermore, the LBT is naturally performed by the UE in case of UL. Hence, the eNB cannot assure whether the UE grabs the channel or not. Then, the following cases can be considered.

· If the eNB successfully decodes the UL data (i.e., CRC passes), the eNB can assure that the UE grabs the channel and performs the scheduled transmission at the subframe k + m.

· On the other hand, if the eNB fails to receive the UL data, the eNB may confuse the cause of reception failure. There can be three possibilities.
i. LBT failure: The UE observes the busy channel at the subframe k + m so that it ignores the UL grant sent by the eNB and does not perform the scheduled transmission.

ii. Bad link quality: The UE finds the channel clear at the subframe k + m so that it performs the scheduled transmission. However, the transmitted data is not successfully received by the eNB due to, for instance, the bad link quality between the UE and the eNB.

iii. Missing UL grant: The UE does not correctly receive the UL grant sent by the eNB at the subframe k so that does not know the fact that it is scheduled.

Observation 1: It can happen that a UE cannot perform UL transmission at the scheduled subframe if it fails to grab the channel. Then, a serving eNB may confuse why it does not receive. The possible reason is one of the followings: (i) the UE fails to grab the channel, (ii) the UE transmits but the eNB does not receive due to the bad link quality, and (iii) the UE does not receive the UL grant correctly.
For the UL HARQ in eLAA, the eNB should store the received signal at the subframe k + m if decoding failure is due to the bad link quality. However, it is not necessary to store the received signal at the subframe k + m if decoding failure is due to the LBT failure or the missing UL grant. The received signal in the latter only includes interference and noise so that it is not useful for HARQ combining. In this context, the eNB should know the cause of decoding failure correctly and manage its HARQ buffer according to the cause of decoding failure. Please see Fig. 2 for easy understanding.
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Figure 1 Impact of LBT Failure on UL HARQ in eLAA
3 LBT Result Indication for PUSCH DTX Handling
Several methods can be used by the eNB to distinguish the LBT failure and the missing UL grant from the bad link quality. They can be categorized as follows.

(a) Implicit method without additional signaling: The UL data is always transmitted with the UL reference signal. Therefore, if the received power of the UL reference signal is less than a given threshold, the eNB can judge that nothing is transmitted by the UE due to the LBT failure or the missing UL grant. Note that this method may depend on the eNB implementation.
A. To apply this method to eLAA, its performance should be carefully evaluated. In particular, a hidden node situation should be considered. In this situation, the interference that the eNB receives from the hidden node can be much stronger than that from an intra-operator neighbor eNB, which is deployed in a planned manner.

(b) Explicit method using additional signaling: The UE that could not perform the scheduled transmission due to the LBT failure explicitly indicates its LBT result (i.e., busy) to the eNB. It increases signaling overhead but lets the eNB know the cause of decoding error clearly.
A. In order to specify such an explicit method, we need to further consider (i) which channel will be used for this purpose and (ii) when this information will be sent.

Observation 2: In order for the eNB to know the cause of decoding error (i.e., LBT failure, bad link quality or missing UL grant) for the scheduled UL transmission, we can consider (i) the implicit method based on the received power of the UL reference signal and (ii) the explicit method based on the UE’s indication about the LBT failure.

We now focus on the explicit method using additional signaling, which is called a LBT result indicator.

How to transmit the LBT result indicator?
Since eLAA is based on the carrier aggregation of licensed and unlicensed carriers, an eLAA-capable UE can use the licensed carrier to transmit scheduling request (SR). In other words, it means that SR transmission on the unlicensed carrier may not be necessary. Therefore, the UE can use the resources for SR to transmit the LBT result indicator.
More specifically, the UE can multiplex the UCI that includes the LBT result indicator with UL-SCH in PUSCH. Note that HARQ ACK/NACK can be transmitted with SR, but the reserved bit for SR may not be used in this situation. As a result, the LBT result indicator can be transmitted using this bit.
When to transmit the LBT result indicator?
Basically, the LBT result indicator can be transmitted at the first subframe where the UE grabs the channel (i.e., the clear channel detection) after one or several LBT failures at the assigned subframe(s) to the UE, as illustrated in Fig. 2(a). On the other hand, in case where the UE reports the successful LBT indicator, it should be transmitted every subframe in which the UE grabs the channel, as illustrated in Fig. 2(b).
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Figure 2 LBT result indication methods
4 Fast UL Grant after LBT Failure
In case where the explicit method is used, the indication sent by the UE after the LBT failure (i.e., busy) can be used in various ways. For instance, it can be used to make the UL transmission at the next opportunity faster than initial transmission. Fig. 3 shows an example of such a use case.


[image: image3.emf]eNB  UE 

UL grant

Scheduling request

NACK

No transmission

CCA (busy)

Data

Busy indicator

Fast UL grant

Data

CCA (clear)

4

 

m

s

Data

Use the already 

generated data

L

e

s

s

 

t

h

a

n

4

 

m

s


Figure 3 Fast UL grant based on busy indicator sent by UE

The operation shown in Fig. 3 can be described as follows.

(1) A UE successfully receives a UL grant at the subframe k. Then, the UE prepares for UL transmission by generating a packet to transmit.

(2) At the subframe k + 4, the UE performs LBT but finds the channel to be busy. In this case, the UE cannot perform the UL transmission although the packet is already generated and ready for transmission. Then, the UE informs a serving eNB of this situation by sending a busy indicator.

(3) Upon receiving the busy indicator, the eNB schedules the UE again by sending a UL grant at the subframe m, the UL grant lets the UE perform UL transmission at the subframe m + n, where n can be less than 4. We call such a UL grant a fast UL grant.
· This operation is feasible since the UE already generates the packet for previous transmission so that shorter processing time can be assumed (e.g., no re-encoding for the packet). Note that it is valid only when the information needed for packet generation (e.g., MCS) is not changed. If changed, the eNB sends a normal UL grant instead of the fast UL grant.

Reducing the time between the UL grant and the UL transmission is beneficial especially in eLAA since the availability of unlicensed carriers is not guaranteed. Moreover, the fast UL grant is only applied to the previously generated packet so that it is also reasonable from the implementation point of view.

The benefit of the fast UL grant can be more significant when the LBT result indicator and multi-subframe scheduling are used together. This is because in case of the multi-subframe scheduling, the UE can have more chances to grab the channel without receiving new UL grant and consequently it can transmit the LBT result indicator fast. By transmitting the LBT result indicator quickly, the eNB can schedule the retransmission of the UL data at the blocked subframe (due to the LBT failure) as early as possible.  Figs. 4 and 5 show this aspect.
Fig. 4 shows the timing relationship between blocked initial transmission and successful retransmission in eLAA UL. We assume that a UE is scheduled at the subframe n but couldn’t perform the transmission due to the LBT failure. If there is no LBT result indication mechanism, the eNB has no way to exactly know this situation but guesses by the DM-RS detection. The judgment can be done at subframe n + 4 so the eNB schedules the retransmission that will be performed at subframe k + 8. As a result, at least 8 ms of the latency between blocked initial transmission and successful retransmission is caused.
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Figure 4 If the LBT result indicator is not used, the retransmission for the data originally scheduled at subframe n can be performed at subframe n + 8
On the other hand, in case where the LBT result indication mechanism is adopted, this latency can be largely reduced. As shown in Fig. 5, we assume that the eNB schedules 3 subframes (n, n + 1, and n + 2) to the UE but the UE fails to grab the channel at the scheduled subframes n and n + 1. Then, if the UE finds the channel to be clear at the subframe n + 2, it immediately transmits the UL data with the LBT result indicator, which implies the fact that the UE couldn’t transmit due to the LBT failure. By receiving this indicator, the eNB can assign the subframes n + 4 and n + 5 for the retransmission of the UL data at the subframes n and n + 1, respectively. In this example, the latency between blocked initial transmission and successful retransmission is reduced to 4 ms.
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Figure 5 If the LBT result indicator is used, the retransmission for the data originally scheduled at subframe n can be performed at subframe n + 4
Observation 3: The UE’s explicit LBT result indication makes the UL retransmission of the same packet faster in terms of the latency between the UL grant and the UL retransmission. It is beneficial especially in eLAA since the availability of unlicensed carriers is not guaranteed.
Proposal: It is proposed to introduce the UE’s explicit indication about the LBT failure for the fast UL grant. Furthermore, it is also required to discuss other usages of this indication for UL control and data transmission including HARQ buffer corruption avoidance.
5 Conclusions
Observation 1: It can happen that a UE cannot perform UL transmission at the scheduled subframe if it fails to grab the channel. Then, a serving eNB may confuse why it does not receive. The possible reason is one of the followings: (i) the UE fails to grab the channel, (ii) the UE transmits but the eNB does not receive due to the bad link quality, and (iii) the UE does not receive the UL grant correctly.
Observation 2: In order for the eNB to know the cause of decoding error (i.e., LBT failure, bad link quality or missing UL grant) for the scheduled UL transmission, we can consider (i) the implicit method based on the received power of the UL reference signal and (ii) the explicit method based on the UE’s indication about the LBT failure.

Observation 3: The UE’s explicit LBT result indication makes the UL retransmission of the same packet faster in terms of the latency between the UL grant and the UL retransmission. It is beneficial especially in eLAA since the availability of unlicensed carriers is not guaranteed.
Proposal: It is proposed to introduce the UE’s explicit indication about the LBT failure for the fast UL grant. Furthermore, it is also required to discuss other usages of this indication for UL control and data transmission including HARQ buffer corruption avoidance.
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