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1 Introduction
This contribution is an update of an earlier version in [1].
The following agreements are pertinent to the proposals in this contribution and are provided here for reference.

	Agreements:

· 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)


Agreements:
· Remove the support for 7-symbol slots from NR

· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling

· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:

· Slot-based scheduling for downlink

· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot

· Non-slot-based scheduling for downlink

· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data

· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified

· Note: the LS includes the motivations of selected values

· Note: Final decision is up to RAN4

Agreements:

· The PDSCH durations of 2, 4, and 7 OFDM symbols (including DMRS) are motivated by

· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH

· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 

· 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)

· This use case includes unicast and broadcast PDSCH (e.g., for RMSI)

· Support of very low latency 

· Support of NR transmissions scheduled in LTE non-MBSFN subframes 

· PDSCH can be scheduled on OFDM symbols not carrying CRS

· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul

Agreements:
· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:

· One-slot case:

· Starting symbol and ending symbol in the slot.

· Which slot it applies to

· Multi-slot case:

· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to

· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to

· The starting symbol and ending symbol are applied to all the aggregated slots

· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot

· Non-slot (i.e., mini-slot) case:

· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included

· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol

· Scheduling DCI with and without time domain field is supported

· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH

· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations

· FFS: handling of semi-static UL/DL and SFI assignment

Agreements:

· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported

· FFS the handling of PDCCH for non-slot based transmissions

 
Agreements:

· NR supports at least slot based transmission of Msg2, Msg3 and Msg4

· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4

Conclusion:
· FFS FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is supported

· Note: this discussion is related to the bandwidth restriction related to UE



At the last RAN1 AH#3 meeting, it was agreed that RMSI and broadcast OSI can be delivered using mini-slot transmissions. For the remaining details, we refer to our companion contributions in [5]

 REF _Ref494715273 \r \h 
[6]

 REF _Ref494715274 \r \h 
[7] but clearly, mini-slots have to be supported by all UEs for the network to be allowed to use mini-slots for RMSI delivery as UEs cannot indicate support thereof prior to initiating a random access procedure which itself requires decoding of the RMSI. 
But also for unicast transmissions, mini-slots are a crucial NR feature that ought to be supported by all UEs. For example, NR cannot be deployed using 30kHz subcarrier spacing in spectrum that overlaps with LTE (see [8] for details) and even for 15kHz subcarrier spacing, mini-slots may be beneficial. Moreover, mini-slots are a crucial tool for forward compatibility and lastly, aligning the PDSCH duration with SS block transmissions—with the same or different numerology—in order to allow FDM of SS block transmissions and PDSCH transmissions, especially if TxRPs use beam-sweeping (e.g., above 6GHz), is fundamental for efficient resource reuse, particularly to allow FDM across CCs in case of intra-band CA where the same RF hardware is used for more than one CC. 
In light of these use cases, we believe that it is of utmost importance that all UEs in Rel. 15 support at least some mini-slot lengths. Hence, in this contribution we make proposals that should ease the implementation of mini-slots such that they can be provisioned—with performance requirements—in all NR Rel. 15 UEs from the onset. Here, we focus on the HARQ aspects. Scheduling aspects are captured in our companion contribution in [2] and the DMRS design for mini-slots is discussed in [9].
2 HARQ management for mini-slots
Mini-slots are an integral part of the NR air interface design and numerous use cases have been identified during the NR study item phase including LTE-NR coexistence, transmission of small packets in wide bandwidths, latency reduction for MBB and URLLC, and time-domain multiplexing of MBB traffic in mmWave systems to account for hardware restrictions arising from analog beamforming to name a few. The different use cases each have their own requirements and constraints, yet, for the timely completion of the NR work item, a unified design is desirable and beneficial. Moreover, a common design framework for both slot and mini-slot based transmissions can further reduce specification effort as well as minimize the implementation and development effort of NR devices thereby reducing time-to-market and cost-of-ownership. Hence, the NR mini-slot design must cater to both the accelerated timeline for commercial NR deployments and the diverse use cases and applications of mini-slots. 

However, it is very likely that not all UEs in Release 15 will support all the above use cases. Especially self-scheduled [2] mini-slots are demanding on the UE as it needs to monitor for PDCCH transmissions scheduling mini-slot based data transmissions more frequently thereby increasing the computational load and power drain [8]. Hence, we propose that at least for some UEs only a single mini-slot per slot is supported the reason being that the HARQ feedback mechanism used for slot based transmissions could be reused for mini-slots. Given the variable length of mini-slots which may be significantly smaller than regular slots, it is of course possible that multiple mini-slots could be scheduled within the time duration of a regular slot and from the network point of view, there is no restriction on the number of mini-slots per slot. Moreover, by ensuring that in any given slot the UE can be scheduled for a slot based transmission or up to one mini-slot based transmission we ensure that the UE can re-use its HARQ processes seamlessly across slot based and mini-slot based transmissions and does not require more HARQ processes for supporting mini-slot based transmissions.

For the HARQ ACK/NACK feedback mechanism, we propose to use the same design as is used for slot based transmissions. In NR, the HARQ feedback duration can be UE specific and semi-statically configured depending on various factors such as UE capability, slot length etc. If we ensure that for a given UE only one slot based or mini-slot based transmission can happen in a given slot then we can use the existing HARQ interlace as proposed for slot based transmissions as shown in Figure 0. In this figure, we show that both slot based and mini-slot based transmissions use the same HARQ interlace, e.g., two slots. 
Proposal 2: 

· All Rel. 15 UEs support mini-slot based scheduling with the following limitations:

· At least in bands above 6 GHz

· At least in bands relevant to LTE-NR coexistence

· At least mini-slot lengths of {2,4} OFDM symbols

· Except for RMSI, OSI, paging, 

· At least for 14-symbol CORESET monitoring periodicity 

· Some UEs support at most one mini-slot based allocation per slot 

· If these UEs are scheduled for a slot based transmission they cannot be scheduled for a mini-slot based transmission in the same slot in the same transmission direction

· If these UEs are not scheduled for a slot based transmission, they can be scheduled for up to one mini-slot based transmission in the same transmission direction

· At least for these UEs, both mini-slot based and slot based transmissions use the same HARQ mechanism

· Note: there is no restriction on the number of mini-slots scheduled per slot from the network perspective

· Note: there will be FGI 

· For RMSI, OSI, paging, some UEs support at most one mini-slot based allocation per slot
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Figure 0: Slot based and mini-slot based
3 Number of HARQ processes in NR
Although not pertinent to mini-slots alone, we also recommend a maximum number of HARQ processes in this contribution. RAN3 TR 38.801 [3] captures 8 functional split options between a central and distributed unit which are provided in Figure 1. Our preference is an asymmetric low split [4]. More specifically, we prefer Option 7-1 on uplink and Option 7-2 on downlink as depicted in Figure 2.

Due to multiple numerologies, the NR slot size and TTI duration can be as low as 62.5µs assuming 240 kHz subcarrier spacing. Transport requirements for any functional split at the PHY or lower L2 layers would correspondingly be scaled down in proportion to these much shorter slot/TTI durations. The wide range of TTI durations possible in NR for different combinations of subcarrier spacing, slot duration and level of slot aggregation is illustrated in Table 1 and TTI durations of less than 0.125 ms may be challenging at least in initial deployments.
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Figure 1: Possible functional splits between a central and distributed unit
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Figure 2: PHY split model

Table 1: Range of TTI durations possible in NR

	Subcarrier spacing [kHz]
	7.5
	15
	30
	60
	120
	240
	480

	Slot duration [symbols]
	7
	7
	7
	7
	14
	14
	14

	Slot duration [ms]
	1
	0.5
	0.25
	0.125
	0.125
	0.0625
	0.03125

	TTI duration, SA=1 [ms]
	1
	0.5
	0.25
	0.125
	0.125
	0.0625
	0.03125

	TTI duration, SA=2 [ms]
	2
	1
	0.5
	0.25
	0.25
	0.125
	0.0625

	TTI duration, SA=4 [ms]
	4
	2
	1
	0.5
	0.5
	0.25
	0.125

	SA = Slot Aggregation
	
	
	
	
	
	
	


In the subsequent transport latency analysis, we assume eMBB with interlaced HARQ. The roundtrip transport latency can then be calculated as two times the transport latency given by 

Roundtrip Transport Latency = 2*Tt = (N-2) TTTI – Tg – Tu

(1)

where the propagation delay over the air interface is neglected and Tt, N, TTTI , Tg and Tu are the transport latency, the number of configured HARQ processes per UE, the transmission time interval and processing delays at the CU and UE, respectively (cf. Figure 3). 

While no concrete numbers are available yet, it is safe to assume that NR will reduce the processing time compared to LTE. In addition to more efficient hardware implementations, the NR design has been specifically tailored towards low latency applications as manifest in the NR frame structure or reference signal design. Notwithstanding, the actual processing times will also depend on UE capability. For the sake of this analysis, we will assume 2.5x, 5x and 10x improvements in processing latency when NR is compared to LTE with a worst case baseline of 3ms for LTE. In other words, our analysis is somewhat conservative. 

With these assumptions, we can then plot the required roundtrip transport latency as a function of the TTI duration for different processing latencies and number of HARQ processes using (1). Assuming a minimum required roundtrip transport latency will yield the minimum number of HARQ processes that should be supported for functional split option 7 and in accordance with the results in Figures 4, 5, 6 we conclude that support of eight HARQ processes in NR is sufficient. 

Proposal 4: Maximum number of HARQ processes per carrier supported in NR is 8 
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Figure 3: Transport latency estimation with interlaced HARQ
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Figure 4: Assume a 2.5x improvement in processing latency when comparing NR to LTE
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Figure 5: Assume a 5x improvement in processing latency when comparing NR to LTE
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Figure 6: Assume a 10x improvement in processing latency when comparing NR to LTE

4 Conclusion

In this contribution we argue that it is of utmost importance that all UEs in Rel. 15 support at least some mini-slot lengths. Hence, we make proposals that ease the implementation of mini-slots such that they can be provisioned—with performance requirements—in all NR Rel. 15 UEs from the onset. The following is proposed:
Proposal 1: 

· All Rel. 15 UEs support mini-slot based scheduling with the following limitations:
· At least in bands above 6 GHz
· At least in bands relevant to LTE-NR coexistence
· At least mini-slot lengths of {2,4} OFDM symbols
· Except for RMSI, OSI, paging, 
· At least for 14-symbol CORESET monitoring periodicity 
· Some UEs support at most one mini-slot based allocation per slot 
· If these UEs are scheduled for a slot based transmission they cannot be scheduled for a mini-slot based transmission in the same slot in the same transmission direction
· If these UEs are not scheduled for a slot based transmission, they can be scheduled for up to one mini-slot based transmission in the same transmission direction
· At least for these UEs, both mini-slot based and slot based transmissions use the same HARQ mechanism
· Note: there is no restriction on the number of mini-slots scheduled per slot from the network perspective
· Note: there will be FGI 
· For RMSI, OSI, paging, some UEs support at most one mini-slot based allocation per slot
Proposal 2: Maximum number of HARQ processes per carrier supported in NR is 8
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