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1. Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
During RAN1/2 meetings in SI phase, the following agreements in TR38.912 were achieved regarding frame structure in NR
-------------------------------------------------------------------------------------------------------------------------------------------
Mini-slots having the following lengths are defined.
-	At least above 6 GHz, mini-slot with length 1 symbol supported.
-	Lengths from 2 to slot length -1
-	For URLLC, at least 2 is supported
The following should be taken into account for designing slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different Ues
-	At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling
-	At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback
The following should be taken into account as starting point for designing mini-slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different Ues
-	DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
-	UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot
The following targets/use-cases to design mini-slots should be taken into account.
-	Support of very low latency including URLLC for certain slot lengths
-	Target slot lengths are at least 1ms, 0.5ms.
-	Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TxRP uses beam-sweeping (e.g., above 6GHz).
-	NR-LTE co-existence
-	Note that this use case also exists for slot-based scheduling
-	Forward compatibility towards unlicensed spectrum operation
From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by using the same subcarrier spacing with the same CP overhead or using different subcarrier spacing. In the specification, both approaches are to be supported. NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. Dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. DL dynamic resources sharing between eMBB and URLLC is enabled without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources (No specific specification work is expected). 
Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding. Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource. The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB.
Asynchronous and adaptive DL HARQ is supported at least for eMBB and URLLC.
In URLLC, for an UL transmission scheme without grant, at least semi-static resource (re-)configuration is supported. RS is transmitted together with data.
For URLLC, time interval between SR resources configured for a UE can be smaller than a slot.
At least an UL transmission scheme without grant is supported for URLLC. Resource may or may not be shared among one or more users.
-------------------------------------------------------------------------------------------------------------------------------------------

This contribution reports RAN1 status on frame structure in NR as informative;
2. 	Summary of RAN1 Status on frame structure
2.1 Subframe and related RAN2 aspects 
During NR SI, RAN1 agreed that a subframe duration is fixed to 1 ms and frame length is 10 ms. One motivation for this fixed duration is the design simplicity and another is LTE-NR coexistence. So this implies that at least some cell-specific signaling/operations before RRC connection establishment are defined in subframe and frame. For example, the location of NR-xSS or SI are configured or scheduled in subframe/frame basis. Regarding other cell-specific or UE-specific signaling/operations after RRC connection setup complete, it is not decided yet whether subframe or slot is used.
Observation 1: At least some cell-specific signaling/operations before RRC connection establishment are defined in the fixed subframe duration and frame length. This statement does not preclude the possible subframe/frame-based configuration for other cell-specific or UE-specific signaling/operations after RRC connection setup complete.
2.2 Slot/Mini-slot and related RAN2 aspects
RAN1 agreed on general principles and some candidate values for slot/mini-slot. However many detailed issues are still open. Key debate comes from whether or not slot length is fixed like current LTE. In LTE, the number of symbols in a slot is either 6 or 7 symbol which is fixed depending CP length. In NR, configurability between 7 and 14 on the slot length is under discussion to support low latency. On the other hand, motivation to introduce mini-slot is same as that for variable slot length, but can express shorter time unit than that slot can. The length of mini-slot spans 2 symbols to slot length – 1 symbol. For above 6 GHz, 1 symbol mini-slot is supported. Essential difference between slot and mini-slot is related to UE capability. Note that some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions. The implication is that all UE should support all defined slot lengths. At least a DL/UL control channel design is common for both slot and mini-slot level scheduling/HARQ timeline. This does not preclude a separate DL/UL control channel design per each slot or mini-slot level.
Observation 2: RAN1 agreed on principles for slot and mini-slot structures/configurations to support flexible scheduling and HARQ timeline. From the UE capability point of view, all specified parameters of a control channel set for mini-slot is not mandatory.

Regarding scheduling and HARQ timeline, exact procedure is not clear yet. Some agreement are very generic and some are not well understood due to vague expression. Nonetheless, possible implications to us from TR38.912 are as followings:
· gNB may indicate DL assignment / UL grant for either slot-level scheduling or mini-slot-level scheduling at a DL control channel for slot-level scheduling. 
· gNB indicates DL assignment / UL grant for mini-slot-level scheduling at a DL control channel for mini-slot-level scheduling. 
· UE may send UCI feedback for either slot-level scheduling or mini-slot-level scheduling at a UL control channel for slot-level scheduling. 
· UE sends UCI feedback for mini-slot-level scheduling at a UL control channel for mini-slot-level scheduling. 
· The default scheduling/HARQ timeline is configured in either slot-level or mini-slot level.
Note that at least DL control channel can be shared for slot-level and mini-slot-level scheduling by distinguishable searching space in DL control resource set per numerology. Sharing of UCI feedback can allow applying slot-level HARQ timeline to mini-slot-level HARQ timeline or vice versa.
Observation 3: An implication to RAN1 agreements on scheduling/HARQ timeline so far is that UE is configured for scheduling/HARQ timeline with various levels (i.e. slot or mini-slot) and the DL/UL control channels may be shared for multiple scheduling/HARQ timelines with different level.

Multiplexing of eMBB and URLLC for both DL and UL transmission is supported in NR to avoid resource wastage due to unused resource which is pre-scheduled for URLLC. RAN1 agreed on possible occurrence of mini-slot/slot transmission(s) occupying resources which is scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs. It means that indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding.
From the RAN2 perspective, dynamic signaling to the eMBB UE does not impact to RAN2 operation, since the indication is used to increase the likelihood of successful demodulation and decoding which is totally PHY issue.
Observation 4: L1 indication to support multiplexing of eMBB and URLLC does not impact to RAN2.

Proposal 1: RAN2 considers the identified observations here to design MAC functions.

2.3 Exemplary frame structure
[TBD for figure if needed]

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: At least some cell-specific signaling/operations before RRC connection establishment are defined in the fixed subframe duration and frame length. This statement does not preclude the possible subframe/frame-based configuration for other cell-specific or UE-specific signaling/operations after RRC connection setup complete.
Observation 2: RAN1 agreed on principles for slot and mini-slot structures/configurations to support flexible scheduling and HARQ timeline. From the UE capability point of view, all specified parameters of a control channel set for mini-slot is not mandatory.
Observation 3: An implication to RAN1 agreements on scheduling/HARQ timeline so far is that UE is configured for scheduling/HARQ timeline with various levels (i.e. slot or mini-slot) and the DL/UL control channels may be shared for multiple scheduling/HARQ timelines with different level.
Observation 4: L1 indication to support multiplexing of eMBB and URLLC does not impact to RAN2.

Proposal 1: RAN2 considers the identified observations here to design MAC functions.
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