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1 Introduction
In RAN1#87 [1] and #NR-Adhoc [2], the following agreements were made for NR ECP and slot/mini-slot designs: 
	Agreements:
· Possible use cases for the extended CP include
· Multiplexing of eMBB and URLLC deployed below 6 GHz
· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz
· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz
· Support extended CP at least for 60 kHz SCS
· UE support for ECP may depend on UE type/capability
· FFS how to configure UE using different CP overhead
· FFS the length of ECP
· FFS extended  CP for other scenarios/numerologies 
Agreements:
· Take into account following targets/use-cases to design mini-slots:

· 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 TRxP 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

· FFS until phase II

· Take the following 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 DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel

· 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

· Take the following 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

· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· 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

· FFS: exact timelines
· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)



Following the above agreements, this contribution further discusses the remaining issues on extended CP for NR. 
2. Discussion
2.1 Boundary alignment across different CP overheads 
As we discussed in [3], potential candidates of ECP lengths have different conditions of slot and mini-slot boundary alignments across different CP overheads. To discuss the boundary alignments and detailed ECP lengths, one has to take into account format, structures, and configurations of slot and mini-slot. Particularly, the structural relationship between the slot and mini-slot will be significant for requirements of the boundary alignments. 
Observation 1: Requirements of boundary alignments and detailed ECP lengths will depend on formats, structures, and configurations of slot and mini-slot. 
In RAN1#NR-Adhoc [2][4], it was agreed that the target slot lengths are at least 1 msec and 0.5 msec. Also, many features of the slot will be re-used for the mini-slot format/structure/configuration, e.g. reference signals, DL control channel, UL control channel, etc. Moreover, mini-slot lengths may be variable from 2 to (SL – 1) symbols, where SL is the number of symbols in the slot, and mini-slot transmissions possibly occur in resources scheduled for slot transmissions. In this case, mini-slots will be allocated within a sub-set of slot resources thereby reusing features of the slot format/structure/configuration for the mini-slot. This property of mini-slots holds regardless of CP overheads. Therefore, the NR ECP designs should take into account at least slot boundary (1 msec, 0.5 msec) alignment across different CP overheads. 
Observation 2: Mini-slots will be allocated within a sub-set of slot resources thereby reusing features of slot format/structure/configuration for the mini-slot. 
Proposal 1: NR should take into account at least slot boundary (1 msec, 0.5 msec) alignment across different CP overheads. 

2.2 Remaining potential scenarios and numerology-agnostic ECP design 

In RAN1#87 [1], it was agreed that ECP is supported at least for 60 kHz SCS. On the other hand, ECP for other scenarios and corresponding SCS are still FFS. In previous RAN1 meetings, other ECP use cases were discussed, e.g. high reliable and high rate communication [5], higher frequency bands [6][7], TA-free uplink transmission [8], etc. It can be expected that in these use cases NR may use SCSs other than 60 kHz. 
In addition, from the RAN1 specification perspective, a numerology-agnostic ECP design with a common ECP overhead for all agreed SCS has been proposed, e.g. in [9][10]. The numerology-agnostic ECP design has to take into account the scaling numerologies in accordance with 2n. By considering this condition and the slot boundary alignment discussed above, possible ECP designs can be narrowed down. The scaled LTE ECP can meet this consideration, and has been evaluated to justify its effectiveness in previous RAN1 meetings. Therefore, the scaled LTE ECP is a good option of ECP for NR. 
Observation 3: The numerology-agnostic ECP design in NR has to take into account the scaling numerologies in accordance with 2n and the slot boundary alignment. 
Proposal 2: NR should support scaled LTE ECP in a numerology-agnostic manner. 
3. Conclusions
We discussed the remaining issues on the NR ECP. From the discussion, we observed the following: 
Observation 1: Requirements of boundary alignments and detailed ECP lengths will depend on formats, structures, and configurations of slot and mini-slot. 
Observation 2: Mini-slots will be allocated within a sub-set of slot resources thereby reusing features of slot format/structure/configuration for the mini-slot. 
Observation 3: The numerology-agnostic ECP design in NR has to take into account the scaling numerologies in accordance with 2n and the slot boundary alignment. 
Then, we summarize our proposals for the NR numerology study as below: 
Proposal 1: NR should take into account at least slot boundary (1 msec, 0.5 msec) alignment across different CP overheads. 
Proposal 2: NR should support scaled LTE ECP in a numerology-agnostic manner. 
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