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Introduction
In this contribution, we provide our views on remaining issues related to HARQ and UCI design for autonomous uplink transmissions on LAA SCells.
[bookmark: _Ref178064866]Discussion
Uplink Control signalling
In RAN1#90bis , it was agreed that the HARQ ID, RV, and NDI are included in the AUL UCI [1]. 
In [2] we discuss the motivation to support UL to DL MCOT sharing. Below information should be included to indicate the MCOT related information to eNB to facilitate shared UL and DL transmission in the same MCOT: 
· Priority class (2 bits): to guarantee that data in the DL part belong to the same or higher priority class as the one used to acquire the channel. 
· Number of SFs remaining for DL transmission according to Table 1 in the Appendix
· PUSCH ending position to introduce a gap for LBT purposes. This field can be one bit to indicate PUSCH shortened or not.
[bookmark: _Hlk498433261]Additionally, to increase the robustness of UCI specially in case of intra-cell collisions and to identify the UE at the eNB, UCI may include CRC scrambled by UE specific RNTI (e.g. SPS RNTI). 
AUL UCI includes: 
· Priority class (2 bits)
· Number of SFs remaining for DL transmission according to Table 1 (3 bits)
· PUSCH ending position (1 bit)
· CRC scrambled with UE ID

UCI RE mapping
RAN1 agreed on the following: 
AUL is mapped to UCI the same way as CQI/PMI
-          FFS starting symbol
The mapping of UCI depends on the supported starting and ending points for AUL PUSCH. It has been discussed and agreed that the AUL transmissions may be configured with an AUL specific starting point to avoid intra-cell collisions. This means that the first PUSCH transmission in an AUL burst may have starting point later than the subframe boundary. After the UE had access the channel, later PUSCH within the same burst start at subframe boundary. Since the eNB may miss the start of the burst, the UCI can be used to help the eNB figure out the PUSCH start position. 
If PUSCH transmission starting on symbol 0 and 1 is supported, two alternatives can be considered: 
ALT1: UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and starting from symbol 1 in time. The same UCI mapping is applied for all autonomous UL PUSCH. In this case, PUSCH starting position for each subframe is indicated in the corresponding UCI. (Figure 1)
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 Figure 1: UCI starting on symbol 1


ALT2: UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and PUSCH starting symbol in time. In latter case, eNB has to do blind decoding to detect whether UCI starts at symbol 0 or 1 for each subframe. After correctly detecting UCI, the eNB becomes aware of the PUSCH starting position that follows the same starting position as UCI.
In our perspective, ALT1 reduces the complexity at the eNB side. 
[bookmark: _Hlk498433267]UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and starting from symbol 1 in time. 
· The same UCI mapping is applied for all autonomous UL PUSCH. 
· PUSCH starting position for each subframe is indicated in the corresponding UCI
	
Since the last symbol of PUSCH may be used for DL LBT in a shared MCOT or to allow a gap for LBT access in case of AUL with DL shared COT, it is desired that UCI is mapped on time-frequency resources in a similar way as traditional aperiodic CSI on PUSCH starting from lowest PRB index of allocated PUSCH transmission, but not on the first (as discussed earlier) and last symbol. The same UCI mapping is applied for all autonomous UL PUSCH.
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Figure 2: UCI starting on symbol 1 and finishing before last symbol
[bookmark: _Hlk498433277]If shortened PUSCH is supported for AUL transmissions, UCI is not mapped to the last symbol of the subframe.
Additional changes to channel interleaver are needed to be able to write data symbols into the resource elements left unused by the UCI in the first and/or last OFDM symbols. Such changes to the channel interleaver may be undesirable since the low-level (possibly hardware) implementation in the UE needs to be modified accordingly. To avoid this, zero or null symbols can be inserted into the coded UCI symbols such that the resource elements in the first/last OFDM symbol of the coded UCI region do not carry UCI or data.
[image: ]Figure 3: null symbols inserted to the coded UCI symbols








[bookmark: _Hlk498433289]Observation 1	 zero or null symbols can be inserted into the coded UCI symbols such that the resource elements in the first/last OFDM symbol of the coded UCI region do not carry UCI or data

Retransmissions for AUL 
Introducing a timer can be beneficial to avoid UE waiting for eNB feedback that never comes due to mis-detection of AUL PUSCH. However, timer value should be set judiciously to avoid unnecessary new transmission attempts of the same HARQ process ID.  It should be possible to reuse the same values of drx-ULRetransmissionTimer-r13, so that we can possibly have perfect overlapping between DRX timer and AUL retransmission timer assuming that the retransmission timer starts after a RTT. In fact, if it is not possible to align the expiry of the UL DRX timer with the AUL retransmission timer, the UE has to wait to perform a retransmission even if the DRX timer has already expired and no HARQ feedback will be received for that HARQ process since the UE is not monitoring the PDCCH any longer. Of course, the network can configure the AUL retransmission timer such that it spans more than one DRX occasion, but it should be possible also for the network to configure the AUL retransmission timer, such that it expires together with the first UL DRX occasion (which is triggered at the expiry of the UL HARQ RTT), so that the UE waiting time to retransmit is minimized. To realize this, the simplest seem to initialize the AUL retransmission when the UL HARQ RTT expires (as for the UL DRX timer).
    drx-ULRetransmissionTimer-r13          ENUMERATED {psf0, psf1, psf2, psf4, psf6, psf8, psf16,
                                                   psf24, psf33, psf40, psf64, psf80, psf96,
                                                   psf112, psf128, psf160, psf320}
[bookmark: _Hlk506464353]Additionally, the value infinity should be supported. This will allow the eNB to have full control over retransmissions (i.e. no autonomous retransmissions). This is especially important at high load. The eNB might fail to provide the feedback within a certain time window due to long deferral, the AUL should not increase the contention further by triggering autonomous retransmission if the feedback is not received within a certain time window.
[bookmark: _Hlk506464365]It shall be possible to configure the AUL retransmission timer such that it expires when the drx-ULRetransmissionTimer expires, so that the UE waiting time to retransmit is minimized.
drx-ULRetransmissionTimer-r13 values can be reused for the AUL retransmission timer. In addition, the value Infinity is supported.
RV selection
The RV selection by the UE for AUL transmission is discussed in detail in [2]. The main proposals regarding this issue are as follows: 
Upon retransmission timer expiry, AUL retransmission attempt is made with RV #0 if code rate of the initial transmission is at least 32/52 and with RV #3 otherwise.
Handling error cases Between AUL and Dynamically Scheduled UL Grants
The decision of which HARQ ID to process in a certain TTI is left to the UE when the AUL scheme is configured. This implies that the network is not aware of which HARQ ID, the UE intends to transmit on a given TTI when AUL is used. Therefore, it might happen that the eNB dynamically schedules a certain HARQ ID while the UE is preparing or just recently performed the AUL (re)transmission of data associated to the same HARQ ID.
In case the eNB provides a dynamic grant for transmitting a certain HARQ ID exactly in the same TTI in which the UE intends to transmit this HARQ ID following the AUL scheme, the UE should prioritize the dynamic scheduling assignment as agreed in 3GPP RAN2#99. The dynamic grant is received 4ms before the dynamically scheduled transmission, therefore there should be no problem for the UE implementation to avoid performing an AUL transmission for the same scheduled HARQ ID. This is also the legacy behaviour in licensed transmissions since Rel.8. For the same reason, if a dynamic UL grant is valid for transmission on a TTI earlier than the planned AUL transmission for the same HARQ ID, the UE should not have any problem in performing the dynamic transmission rather than the AUL.
However, coexistence issues between AUL and dynamically scheduled grant for the same HARQ process may arise in some other cases as well. Examples are illustrated in Figure 1 and summarized in the following:
1. Scenario 1: The eNB dynamically schedules a certain HARQ ID while the UE has already started the preparation of an AUL transmission for the same HARQ ID which should occur at subframe n. In this case, the dynamic grant over PDCCH is received just a few ms (e.g. 2ms in Figure 1) before the AUL planned transmission. At this point in time, the UE might not be able to interrupt the preparation of the AUL transmission at subframe n. The UE could certainly not perform both the AUL transmission at subframe n and the scheduled UL transmission at subframe n+2. 
2. Scenario 2: The eNB dynamically schedules a certain HARQ ID in the same TTI or just few ms (e.g. 1ms in in Figure 1) after a performed AUL transmission. In this case, the UL grant might be sent by the eNB before the eNB has been really able to process the received AUL transmission.



[bookmark: _Ref497301364]Figure 1: Coexistence issues between AUL and dynamically scheduled UL grants for the same HARQ process.
In our understanding, the above issue can occur both for retransmissions and new transmission, i.e. the UE might want to transmit new data for a certain HARQ ID via AUL on a certain TTI, and the eNB might provide a DCI with UL grant and NDI toggled for the same HARQ ID just few ms or after that TTI. 
In order to take into account both the eNB scheduling flexibility and the possible coexistence issue between AUL and dynamic grant, the simplest solution seems to allow a UE to do not process the UL grant if concurrent AUL and dynamic UL grant are available very close in time, e.g. as in the scenarios 1 and 2 in Figure 1 above. However, giving the UE the opportunity to ignore UL grants means is very risky as the eNB might lose control. Therefore, some rules should be specified as of when and for how long the UE can ignore UL grants. For example, it would be enough to define a time after the AUL transmission under which the UE is allowed to skip UL transmissions dynamically scheduled by the eNB. The timer could simply be proportional to the UL HARQ RTT, e.g. 2 x UL HARQ RTT, a. In this way, the UE would be allowed to skip processing any UL grants received in DCI between n-3 and n+3 for a given HARQ process, as long as the UE transmits AUL for such HARQ process at subframe n.
The UE shall skip processing a dynamically scheduled UL grant if it is valid for UL transmission of an HARQ process within a certain time window from the performed AUL transmission for the same HARQ process. RAN2 to discuss values of such window
Additionally, there is another case that should be treated separately. It might happen that after transmitting an AUL for a given HARQ process, UE receives an UL grant with same HARQ process, non-toggled NDI and different TBS. This might happen due to two cases: (1) the eNB missed the AUL transmission for this certain HARQ ID or (2) UL grant might be sent by the eNB before the eNB has been able to process the received AUL transmission. To deal with this situation there are two alternatives: 
1. Ignore the UL grant:  as a result, the eNB needs to retransmit the UL grant at a later time. In the meantime, the AUL may perform the retransmission after figuring out that the eNB had missed the earlier transmission.  After receiving the AUL retransmission, the eNB has the flexibility to switch the AUL to SUL for this HARQ ID.
2. Discard the HARQ buffer of this HARQ process that contains the previously AUL transmission, and prepare for a new TB according to the dedicated grant. The discarded buffer can be handled later by a higher layer transmission. It would be problematic if this situation happens often and lot of higher layer retransmissions are triggered. 
From our perspective, first alternative is preferred. 
If after transmitting an AUL for a given HARQ process, UE receives an UL grant with same HARQ process, non-toggled NDI and different TBS, the UE may ignore the UL grant. 
Channel access 
AUL-DFI can be transmitted within the shared MCOT or MCOT acquired by eNB itself. Shared MCOT concept gives a chance for the DL transmission to occur immediately after the uplink transmission, within the same MCOT and using a fast LBT (25us). 
[bookmark: _Hlk498437076]AUL-DFI can be transmitted within a shared MCOT acquired by the UE or MCOT acquired by eNB itself. 
Conclusion
In this contribution, we provide our views on HARQ  and UCI design for autonomous uplink transmissions on LAA SCells. the following proposals and observations were made: 
Observation 1	 zero or null symbols can be inserted into the coded UCI symbols such that the resource elements in the first/last OFDM symbol of the coded UCI region do not carry UCI or data
1. AUL UCI includes: 
· Priority class (2 bits)
· Number of SFs remaining for DL transmission according to Table 1 (3 bits)
· PUSCH ending position (1 bit)
· CRC scrambled with UE ID

UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and starting from symbol 1 in time. 
· The same UCI mapping is applied for all autonomous UL PUSCH. 
· PUSCH starting position for each subframe is indicated in the corresponding UCI
If shortened PUSCH is supported for AUL transmissions, UCI is not mapped to the last symbol of the subframe.
AUL retransmission timer for a given HARQ process starts after RTT from the HARQ process transmission.
drx-ULRetransmissionTimer-r13 values can be reused for the AUL retransmission timer. In addition, the value Infinity is supported.
Upon retransmission timer expiry, AUL retransmission attempt is made with RV #0 if code rate of the initial transmission is at least 32/52 and with RV #3 otherwise.
The UE shall skip processing a dynamically scheduled UL grant if it is valid for UL transmission of an HARQ process within a certain time window from the performed AUL transmission for the same HARQ process. RAN2 to discuss values of such window
If after transmitting an AUL for a given HARQ process, UE receives an UL grant with same HARQ process, non-toggled NDI and different TBS, the UE may ignore the UL grant. 
[bookmark: _In-sequence_SDU_delivery]AUL-DFI can be transmitted within a shared MCOT acquired by the UE or MCOT acquired by eNB itself. 
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Appendix
Table 1: MCOT sharing indication in UCI
	Indicator in subframe n
	Meaning

	“000”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 8 subframes

	“001”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 7 subframes

	“010”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 6 subframes

	“011”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 4 subframes

	“100”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 3 subframes

	“101”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 2 subframes

	“110”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 1 subframes

	“111”
	“Reserved” no meaning
e.g. eNB can not share the (n+2)th subframes can not be shared. 
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