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Introduction
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]In RAN1#86bis meeting [1], the following agreements on NR UL control channel have been made: 
Agreements:
· At least two ways of transmissions are supported for NR UL control channel
· [bookmark: OLE_LINK58][bookmark: OLE_LINK56][bookmark: OLE_LINK57]UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK81]However, there are still some problems with the UL control (UC) channel that need to be discussed further, such as other positions of the UL control in a slot. In this contribution, we continue to discuss and analyze the possible positions for the UL control channel. 
Discussion and analysis for the other positions
At the RAN1 #86bis meeting, it was agreed that the UL control channel supports both the long control format and the short control format. The UL control channel transmitted in short duration is located around the last transmitted UL symbol(s) of a slot. 
In addition, some content related to UE capabilities was also agreed at RAN1 # 86b meeting [1], which is shown below:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
[bookmark: OLE_LINK82]It can be seen from the above agreements that not all UEs are required to have self-contained capabilities.
[bookmark: OLE_LINK103][bookmark: OLE_LINK99][bookmark: OLE_LINK100]Observation 1: Not all UEs are required to have self-contained capabilities. 
In our view, the short UL control format also gives benefits when being placed in the beginning of the UL transmission part. The following discussion and analysis about the HARQ process delay and the operation in unlicensed band are provided to support our view.

HARQ process delay considerations:  


FIG. 1- UL slot structure with UC at the end of the slot 
In Fig1, the already agreed short uplink control format in the end of the slot is illustrated. This format provides some similarities to the TDD DL transmission, where the UL control part is located at the end of the slot. 
In the uplink slot, UC is e.g. used for the transmission of HARQ ACK, CSI and beam-related information.. Obviously, an uplink slot does not need to  be self-contained. The HARQ ACK in a uplink slot is always associated with downlink data from a previous downlink slot. One example of a HARQ ACK is where downlink data is transmitted in slot n, and the corresponding HARQ ACK is sent by the UE without the self-contained capability in slot n+1. For the uplink slot, it does not bring significant benefits if the UL control is placed at the last symbol(s) of the slot.
Observation 2: It does not bring significant benefits if the UL control is placed at the last symbol(s) of the uplink slot.
On the contrary, our analysis below shows that there is a drawback associated with having the UL control at the end of the uplink slot. Assume the case with alternating DL and UL slots as it is illustrated in FIG 2 below. Assume further that a UE without self-contained capabilities is used. This means that DL data that is transmitted within slot n cannot be acknowledged within the same slot. Thus, it would need to be acknowledged in the UC field of slot n+1 instead. The time that elapses from the the DL data transmission in slot n until the ACK/NACK in slot n+1 is denoted “X0”. Upon the reception of the ACK/NACK, the gNB needs to decide whether to perform a retransmission or to schedule new data. The time between the reception of the ACK/NACK and the transmission of the new DL control is denoted “X1”. As it can be seen in FIG2 below, locating the UC at the end of the UL slot, gives very little time to the basestation to schedule the slot n+2. Without any “tricks”, this time is zero and a DL retransmission in slot n+2 for that UE is not possible. In any case, the time given for “X0” and “X1” should at least be sufficient for cover the CPRI (approximately 50ns for single direction) and the propagation delay in both UL and DL.  
[image: ]
FIG 2- Alternating UL and DL slots with UC at the end of the slot
Observation 3: With UC at the end of the UL slot, a DL data transmission that occours in slot n cannot be retransmitted in slot n+2.
To overcome the above mentioned problem, we propose to allow other locations of the UC. In FIG 3 below, it is illustrated to have the UC in the UL slot directly after the gap, before the transmission of UL data. This reduces the available time “X0” but increases “X1”, which then would allow for a retransmission of data in slot n+2.


FIG. 3
To further increase the flexibility, the slot structure could also allow for a UE specific configuration, e.g. a remote UE with a larger propagation delay will be configured with delayed transmission.
Observation 4: Compared to UC placement at the end of the uplink slot, a shorter retransmission delay can be obtained by allowing other locations with in the slot. 
Operations in unlicensed band:
In the unlicensed spectrum, the device is required to perform LBT. If the LBT procedure indicates that no transmission is ongoing, the device can transmit. Otherwise, it is not allowed to transmit.
If the UC is placed at the end of the uplink slot, then an additional GAP2 within the uplink slot might be needed. This is illustrated in FIG 4a below. This gap would be utilized by UEs that only have uplink control to transmit, which would result in inefficient resource utilization. If, on the other hand, the UC would be located before the UL data field, also UEs that only have uplink control to transmit could use the first gap. This is illustrated in FIG 4b below. 


FIG. 4a                                                                FIG.4b
In FIG 4a, without introducing the second gap, UEs that only have uplink control to transmit would very likely not be able to transmit at all. As long as there would be any UL data transmission ongoing, the LBT procedure would result in a failure and a UE with only uplink control info could not transmit. This is overcome with the slot structure of FIG 4b. 
Observation 5: In unlicensed spectrum, UC placed before the uplink data minimizes the number of GAPs and avoids a resource waste.
Further benefits of an early UC location with the slot are:
In addition to the two previously mentioned advantages of having an early UC field, it can also be used to avoid SRS and UC collisions at the last symbol of the uplink slot, when reusing the SRS mechanism of LTE.
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK119]The above discussions show that there will be a benefit for performance and forward compatibility if it is allowed that the UC is placed on the starting symbol(s) of uplink transmission in an uplink slot. 
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]Proposal 1: NR should also support UC is placed in the starting symbol(s) of uplink transmission part in uplink slot, in addition to being placed in the ending symbol(s) in the slot.
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]In the NR system, the UCI should include ACK / NACK, CSI information, etc. UEs that have both uplink data and uplink control always coexist with UEs that only have control. Further consideration, the carrying capacity of short PUCCH is limited due to only one symbol. So UC placed before the uplink data can also be considered as a way to increase short PUCCH capacity by placing UC at different positions, e.g., UC is placed before or after the uplink data in an uplink slot.
If the UC can be configured in the starting symbol(s) of UL transmission part in slot, and/or the ending symbol(s) of the slot, the position of the UL control shall be indicated via physical layer and high layer.
Conclusion
The following observation and proposal have been made as the conclusion:
Observation 1: Not all UEs are required to have self-contained capabilities. 
Observation 2: It cannot bring significant benefits if the UL control is placed at the last symbol(s) of the uplink slot.
Observation 3: With UC at the end of the UL slot, a DL data transmission that occours in slot n cannot be retransmitted in slot n+2.
Observation 4: Compared to UC placement at the end of the uplink slot, it can be obtained with more timely HARQ ACK feedback and sufficient retransmission time if the UC is placed in front of the UL data.
Observation 5: In unlicensed spectrum, UC placed before the uplink data will become more necessary to minimize the number of GAPs to avoid source waste.
Proposal 1: NR should also support UC is placed in the starting symbol(s) of uplink transmission part in uplink slot, in addition to being placed in the ending symbol(s) in the slot.
[bookmark: _GoBack]References
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