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1. Introduction
The aims of this email discussion are to collect companies views on mini-slot designs and to try making way forwards for RAN1 January ad-hoc meeting. Companies are encouraged to input the views regarding the following aspects.
	Mini-slot design directions
· Which use-cases are targeted for mini-slot designs (in Phase I or later)?
· Co-existence between slot and mini-slot from NW/UE point of views
· Whether/what should be taken into account in designing slot structure and/or slot based operation?
· Whether/what should be taken into account in designing mini-slot structure and/or mini-slot based operation?
· Any other specific design directions that need to be considered?

Mini-slot details
· Mini-slot numerology/length/position/alignment
· DM RS designs
· DL control channel resource allocation for mini-slot
· UE search space configuration for mini-slot
· Data scheduling/HARQ-ACK feedback procedures for mini-slot
· Including duplexing aspects
· Any other specific details that need to be considered for mini-slot?



2. Discussions on mini-slot design direction
Question 1: Which use-cases are targeted for mini-slot designs (in Phase I or later)?
	Company
	Views

	Ericsson
	Mini-slots are useful for
· Supporting very low latency (e.g. forms of URLLC with tight delay requirements)
· Operation in e.g. mm-wave bands where the bandwidth is very large and a smaller time unit than a slot is needed in order to get reasonable payloads
· Operation in unlicensed spectrum where it is desirable to start transmissions as soon as possible after a successful LBT. Unlicensed spectrum is not part of phase 1 but we need to ensure sufficient forward compatibility not to unnecessarily complicate the introduction in a later phase.


	ZTE
	· Support of low latency (URLLC) (Phase 1)
· In mmW, when there this is a large bandwidth available (Phase 1)
· Multiplexing of data and SS blocks (the SS block is shorter than a slot). For that purpose it would be good if a SS block would have the length of multiple mini-slots
· In unlicensed, to use the available resources in an efficient way. Start the slot directly after the gap 

	CATT
	Mini-slot is a minimum scheduling unit for resource allocation in time. The resource allocation in time should use mini-slot as the unit in time domain as well as the PRB in the frequency domain.   Mini-slot scheduling is used for reducing the latency and to increase the system throughput for TCP slow start.  Mini-slot scheduling is particular useful for small packets transmission, which  had been shown in LTE shortened TTI

	Panasonic
	- mini-slots usage for mm-wave for phase 1.
- The multiplexing between eMBB and tight delay requirement of URLLC for phase 1. (Below, URLLC means URLLC with tight delay requirement)
- Unlicensed band for later than phase 1. We expect the slot/mini-slot format design could be basically similar to mm-wave design.

	T-Mobile US
	· Mini-Slots maybe useful and consideration of them in Phase 1 should be part of our discussion. If they can be done and do not adversely affect what we consider the main use case of Phase 1, eMBB, then we should include them. 
· Since URLLC is being considered beyond Phase 1, we do not think that a delay in mini-slot would adversely effect NR development as long as we are in agreement to no close the NR structure to allowing mini-slot when developed. IOW ensure forwards compatibility. 


	Nokia
	· Low latency services with relatively low sub-carrier spacings and frequency bands
· TDM of small data in case FDM is not possible (e.g. mmW bands and analogue beamforming component used in the design)
· Unlicensed band operation.
As it appears that Phase 1 will support mini-slots, it would be beneficial if the mini-slot design would cover all the above use cases even if e.g. unlic operation won’t be part of Phase 1 in order to avoid case-specific mini-slot options.

	Samsung
	· Support of low latency
· Operation in mmW
· Operation in unlicensed band

	NTT DOCOMO
	· Support of low latency for the case where a slot is not short enough due to smaller SCS.
· Support of better TDM granularity for the case where analog beam-forming plays an important role. Note that latency of slot-level operation is no longer an issue in this case since the SCS is expected to be higher enough and slot length was agreed to be at most 14 symbols.
· Unlicensed band for later than phase 1.

	LG
	· From our perspective, one of important aspects of mini-slot is that it allows smaller time granularity compared to slot for control channel monitoring. This would be particularly important in case of URLLC scheduling case where low latency of data scheduling is necessary. For unlicensed spectrum, it would be also related to how often a UE monitors control signal transmission, though the detailed design needs to be discussed in later phase. 
· Use cases of variable data size in time-domain, mapping one to slot length -1 for mmWave/wideband are more related to data channel design and scheduling DCI design. From data scheduling granularity perspective, we see the need of flexibility not only due to wideband but also due to reserved resource and CSI-RS resources. For example, if dynamic reserved resources may occur (e.g., due to LTE-NR coexistence) or rate matching on unintended CSI-RS resources may require flexibility of data mapping instead of assuming that data is always mapped to the entire downlink portion or uplink portion. In this sense, we are not yet very clear whether this should called as mini-slot. 
· Our general preference is to support mini-slot focusing on URLLC for control channel monitoring perspective, and also support flexible data mapping including possibly mapping to one OFDM symbol somewhat separately from mini-slot.

	Huawei
	URLLC: URLLC KPI requirements can be met by adopting slotted transmission with larger subcarrier spacing, e.g. 60kHz with 7-symbol slot, and use of mini-slot is not necessary for large subcarrier spacing, at least from latency point of view. Mini-slot can be adopted for lower subcarrier spacing, e.g., 15kHz, if needed.
mmWave (Phase I): mini-slot can be supported for the analog or hybrid beamforming for mmWave with large bandwidth. The selection of the number of OFDM symbols should consider control and RS overhead.
Unlicensed band: mini-slot can be used to help reduce time resource wastage between succeeding LBT and the start of the transmission in DL especially with small subcarrier spacing (e.g. 15KHz). For example, filling the gap after LBT and slot boundary or the last subframe boundary to the end of MCOT. The selection of the number of OFDM symbols should consider control, RS and LBT overhead.

	OPPO
	· Use case 1: URLLC (mainly considered for <6GHz) in time-frequency region with relatively small reference SCS;
· Use case 2: eMBB >6GHz (to enable mutli-beam operation and/or ultra wideband operation)；
· Use case 3 (FFS): For immediate LBT transmission for unlicensed spectrum. FFS in Phase 2 but forward compatibility considered in Phase 1.

	NEC
	· Use case 1: mm wave operation. Mini-slot can be used for beam sweeping.
· Use case 2: URLLC operation. Mini-slot can be used to satisfy the latency requirement.
· Use case 3: Unlicensed operation. With introduction of mini-slot, LBT and corresponding DL/UL transmission can start and end at any symbol.

	Intel
	In our view, mini-slots would have at least the following applications in NR:
· URLLC – to schedule transmission much shorter than slots in wide bandwidth with fast retransmissions.
· Low latency eMBB transmissions – covering the applications of LTE latency reduction such as fast TCP start.
· Wideband mmWave transmissions – to efficiently trade time to frequency resources in case of beamformed operation.
· Unlicensed – for efficient usage of time resources between successful CCA and the start of the next slot.
· NR and LTE co-existence – to efficiently use symbols outside of LTE legacy regions.

	AT&T
	· URLLC
· Efficient time-domain multiplexing when large carrier bandwidth is available (e.g. mmWave)
· IAB (integrated access and backhaul)
· The mini-slot design can also be used for the case where LTE and NR reside on the same channel. One of the scheme identified for such a co-existence is based on the usage of MBSFN sub-frame. However in this case the first symbol (or multiple symbols if NR is using a subcarrier spacing > 15KHz) needs to be skipped as it contains the legacy LTE CRS. Mini-slot based transmissions can be used to send the DL control and start the transmission of the NR subframe.

	Sony
	· Support of very low latency (URLLC)
· mmWave, since there is a large bandwidth available
· Unlicensed spectrum usage. The mini-slot’s flexibility in transmission start time is useful from the LBT perspective. TBD if the short time duration of mini-slot transmission is a useful aspect for unlicensed spectrum usage.
· Flexible transmission structures for massive MIMO. We think it is desirable to be able to aggregate mini-slots in the form of <UL SRS>, <DL precoded data>, <UL response> for use in massive MIMO systems using TDD reciprocity

	Qualcomm
	· Support of low latency (URLLC) (Phase 1)
· In mmW, when there is a large bandwidth available while hard to perform analog BF to multiple UEs, TDM-ing among users is needed (Phase 1)
· In unlicensed (Phase 2)

	Motorola Mobility
	Mini-slots provide additional scheduling options for low latency applications (at least for 15kHz and 30kHz subcarrier spacing), and also for mmWave bands where BW is large and TDM scheduling via analog beamforming is used. Mini-slots are required for efficient operation in unlicensed bands.

	
InterDigital
	For Phase 1, mini-slots are essential in order to enable both low latency and mmWave applications. Nevertheless, we envision that for future applications, mini-slots with one OFDM symbol duration will be the minimum scheduling unit in time domain and potentially bring great flexibility to the scheduler. 

	Sharp
	Mainly for communications with short latency (e.g. URLLC, small-size TPC payload).
Finer granularity of time domain scheduling.
Moreover, mini-slot based DL/GP/UL configuration within a slot may be beneficial for high frequency TDD band and/or unlicensed spectrum use.

	Fujitsu
	As has been mentioned, mini-slots have been discussed in the context of achieving finer time domain granularity than may be possible with slot-based operation (e.g. assuming only one DL control channel opportunity per slot). The cases where this would be particularly beneficial are:-
· Low latency at least for FDD operation. (could be later than Phase 1) 
· UL/DL switching is likely to be the major factor limiting latency with TDD
· Wide-band, short duration transmissions (e.g. high carrier frequencies), (could be in Phase 1)
· For this use case the scheduling could be at the start of the slot.
· Short duration transmissions for beam sweeping within a slot (could be later than Phase 1)
· For this use case some control channel transmission could need to be in every beam
· Efficient use of unlicensed spectrum (could be in Phase 1)
Unfortunately, the definition of “mini-slot” is not yet very clear. 
However, much of the functionality required for the use cases of interest can be described well enough based on that intended for slots, without using the term “mini-slot”, and describing time-domain resources in terms of OFDM symbols. The necessary features are:-
· Resources in which control and data channel s may be transmitted (from a system perspective), 
· Resources where a UE should monitor for control channels 
· The timing and duration of scheduled NR-PDSCH and NR-PUSCH transmissions (from a UE perspective).  
Aspects where the “mini-slot” terminology might be useful could include:
· Puncturing/preemption of eMBB transmissions by URLLC transmissions (at least the eMBB aspects should be in Phase 1) 
· DMRS for non-slot based transmissions (may be needed within the Phase 1 time frame to properly support preemption of eMBB transmissions)



Question 2: Co-existence between slot and mini-slot from NW/UE point of views
2-1: Whether/what should be taken into account in designing slot based operation?
	Company
	Views

	Ericsson
	We assume this relates to the impact on slot-based transmissions preempted by mini-slot-based transmissions. In many cases the “normal” HARQ retransmissions (especially with per-CB ACK/NAK) can handle this and trigger retransmissions of the slot-based traffic,  but we are open to other schemes if needed (especially from a forward-compatibility perspective).

	ZTE
	We make the same assumption as Ericsson above. 
-In that case, when the slot based transmission is punctured (e.g. an eMBB UE), there should be a mechanism so that the slot-based UE which has been punctured, is made aware of that it is punctured. 
-It should be considered how the co-existence is achieved for slot and mini-slot based transmission (preemption and/or superposition). In our view preemption shall be supported at least. However we are open to study superposition. The extra standard impact when supporting superposition compared to the puncturing scheme should not be too much. Therefore, currently we are open for standard support of superposition and the details about this scheme could be decided later.

	CATT
	Mini-slot should be taken into account as the resource unit in time domain for the resource allocation for slot-based scheduling and operation.   Slot-based operation needs to take into account the semi-static configured resources for mini-slot, such as DL control channel for mini-slot in the scheduled resource allocation.   Learning from LTE on the collision of shortened TTI and normal TTI, the collision of mini-slot radio resource from slot-based radio resource should be avoided in the beginning of NR system design.  The puncturing and pre-emption are the solutions with system restriction, such as shortened TTI co-exist with subframe scheduling in LTE.  In NR, we should have mini-slot and slot operation without worrying about the performance loss by puncturing.  

	Panasonic
	- For mm-wave (above 6GHz), basically only mini-slot could be used and no need to co-existence between slot and mini-slot.
- For non-mm-wave (below 6GHz), co-existence between slot and mini-slot is required when URLLC is punctured/preempted when subcarrier spacing of slot is 15 and 30 kHz.
- Even when slot is punctured/preempted by the mini-slot, the slot needs to be received well. Therefore, DMRS location of slot needs to be taken into account. Or such puncture/preemption is restricted to certain DMRS location cases. 

	T-Mobile US
	· With mini-slot we need to ensure coexistence <6GHz


	Nokia
	Agree with CATT that resource reservation can always be used, and should be a solution always at the disposal of the gNB scheduler, but this may lead to high loss of efficiency if many users may require low latency, but most often don’t need the resource.
Agree with Ericsson that the baseline operation for recovery from puncturing/pre-emption is HARQ, and the fact that the gNB knows that it punctured a particular eMBB transmission. These (puncturing/pre-emption and HARQ recovery) won’t necessitate any spec impacts.
Agree with ZTE that some sort of puncturing/pre-emption indication for enhanced recovery should be considered as a possible method for enhancing the recovery performance, e.g. indicating the UE which Res should be considered as corrupt in HARQ combining.

	Samsung
	As we discussed multiplexing of eMBB and URLLC in email reflector, when slot-based operation is preempted or impacted by mini-slot based operation, indication based approach (e.g. retransmission schemes, blind detection, superposition) should be taken into account.

	NTT DOCOMO
	For the mini-slot use-case of latency reduction, if the preemption/puncturing is expected to happen very frequently, eMBB data channel should be structured such that the negative impact from preemption/puncturing is minimized very well, e.g., symbol-level CB mapping, outer erasure coding, per-CB HARQ-ACK/re-transmission, puncturing indication, etc. On the other hand, if the preemption/puncturing is expected to happen rarely, simpler method(s), e.g., preemption indication, may be enough. Unfortunately, so far, no one has a concrete answer how frequently preemption/puncturing occurs if slot and mini-slot co-exists in the same carrier. Designing data channel for slot such that it is always perfectly protected by preemption/puncturing irrespective of the mini-slot usage in the carrier may increase control signaling overhead and may have BLER performance loss, which result in NR to be not comparable to LTE in terms of basic performance under the same environments.
For the mini-slot use-case of better TDM granularity targeting analog beam-forming, preemption/puncturing is expected to rarely happen. Scheduler can decide scheduling of all the mini-slots for a given slot at the beginning of the slot.

	LG
	In case mini-slot for URLLC, this is related to eMBB/URLLC multiplexing. As expressed in different email, we consider retransmission based enhancements for eMBB/URLLC multiplexing would be a good candidate. At least means to indicate disregarding of punctured resources in HARQ combining seem necessary. 
In case mini-slot for mmWave, it becomes a bit complicated if slot and mini-slot can be scheduled within the same slot among different UEs. Our preference is to consider flexible slot-based data scheduling which would allow efficient multiplexing of short and long data transmissions. 
In case mini-slot for unlicensed spectrum, possibility of aggregation of mini-slot and slot needs to be further considered in later phase.

	Huawei
	Given that the network would have the possibility to either multiplex eMBB and URLLC in the frequency domain, e.g. using different subcarrier spacings, or in time domain using a larger subcarrier spacing (e.g. 60 kHz) and scheduling URLLC and eMBB in orthogonal resources, additional methods to handle multiplexing URLLC and eMBB in time-domain with different scheduling durations can be considered but may not be absolutely necessary. For this case, indication of the pre-emption to avoid HARQ buffer corruption seems to be the most straightforward approach.

	OPPO
	To some extent, the mini-slot design should be optimized separately for the above three use cases. So the answers to this question should also be different for different use cases.
For eMBB >6GHz, a 1ms duration consists of either one slot or several mini-slots. Co-existence of slot and mini-slot in a 1ms duration in a certain frequency region can be avoided.
For URLLC <6GHz, existence of mini-slots in a slot-dominant resource region may be inevitable. In this case, the effects to slot-based eMBB UEs should be minimized while stringent latency requirement needs to be met. In other words, eMBB UEs should not be forced to operate in a mini-slot manner and suffer from increased complexity and power consumption. Hence the mini-slot-based URLLC control channel should be optimized separately without affecting slot-based eMBB control channel design. And before the detailed design is discussed, we should first determine what type of co-existence will be supported, e.g. pre-emption and/or superposition?

	NEC
	We think this is related to eMBB and URLLC multiplexing at least below 6GHz. Indication of the preempted mini-slot or retransmission of the impacted data can be used.

	Intel
	Depending on the decided mechanism to handle eMBB/URLLC multiplexing preemption events and essential level of optimization, the slots may have some modifications comparing to slot-only operation: may carry additional channels/signals, may have special DM-RS design, or may exploit interleaving and/or data RE mapping.

	AT&T
	· Mini-slot transmission should be able to preempt slot based transmission even when the slot based transmissions are on-going. This includes the ability of the mini-slot based transmission to “steal” the resource from the slot based transmission by puncturing the slot based transmission dynamically. 
· For dynamically puncturing slot based PDSCH transmission (i.e. the mini slot is in the DL portion of the sub-frame) we should study both the cases whether the UE receiving the slot based transmission needs to be dynamically signaled on the fly about the mini-slot. 
· For dynamically puncturing slot based PUSCH transmission (i.e. the min slot is in the UL portion of the sub-frame) we should study both the cases whether the UE receiving the slot based transmission needs to or does not need to be dynamically signaled on the fly about the mini-slot. 
· From a UE point of view in phase 1 we should support only 1 mini-slot per slot (e.g. min scheduling interval). This implies that the HARQ feedback mechanism and UCI used for the slot based transmission can also be used for mini-slot. However from the NW point of view there should be no restriction on the number of mini-slot per slot. 

	Sony
	There needs to be a mechanism to make a UE receiving a slot-based transmission aware of mini-slot collisions. In this case, the UE can treat the collision as puncturing to increase the likelihood of successful decoding of the slot. A repair control channel at the end of the slot can inform the slot-based UE about collisions.
The slot-based transmission can be made more resilient to puncturing by employing an interference tolerant transmission format (such as signal space diversity).
We are OK with mini-slots either puncturing or superposing slot-based transmissions.
Our understanding of the term “use of normal HARQ re-transmissions” means that the NDI bit is toggled and the corrupted slot is re-transmitted. We think that it is difficult to repair a slot that has been corrupted (i.e. without UE awareness) by a mini-slot, but it is possible to repair a slot that has been punctured (i.e. with UE awareness). Hence we think that normal HARQ re-transmissions are not suitable for dealing with mini-slot collisions.

	Qualcomm
	As far URLLC is concerned, URLLC and eMBB multiplexing aspect needs to be taken into account. Control channel design for indication-based preemption should be considered for UL and DL, from a forward-compatibility perspective. Error recovery schemes like CB-based HARQ and/or outer-code need to be considered for an efficient design and co-existence of mini-slots and slots. Note also that aggregation of mini-slot and slot should be supported, which part of the slot could be pre-emptied, which cannot, etc. how to channelize indication channels, etc. need to be considered in slot design.
For mmWave support, mini-slot data traffic scheduling based on slot-based control channel and slot-based HARQ process should be supported.

	Motorola Mobility
	For the case of URLLC traffic pre-empting an ongoing transmission, similar to comment made by NTT DoCoMo, it would be good to also discuss the frequency and extent of expected preemptions while considering solutions to address the impact.

	InterDigital
	From a broader perspective, mini-slot can be regarded as a flexible length slot. Therefore, the co-existence of mini-slot and slot in NR is inevitable. We believe the NR design should strive for commonality and efficiency when it comes to co-existence of slots with various lengths. For instance, assuming eMBB/URLLC multiplexing over 1msec with 15kHz SCS, from an eMBB UE perspective, the minimum scheduling unit could be 14-OS slot while from an URLLC UE perspective the 14-OS slot can be viewed as the aggregation of 7 virtual 2-OS mini-slots with mini-slot as the minimum scheduling unit. This way, the scheduler has the full flexibility to enable or disable any of these virtual mini-slots and configure distinct behaviors for eMBB and URLLC UEs.

	Sharp
	Coexistence between slot-based and mini-slot based operations should be taken into account for designing slot-based operation. Mini-slot design potentially affects handling of slot-based data (e.g. eMBB data) preempted/impacted by mini-slot based data (e.g. URLLC).

	Fujitsu
	Assuming that main case of interest here is multiplexing of eMBB and URLLC traffic from a UE perspective: Slot-based operation should be designed taking into account that ongoing low priority transmissions may be preempted by higher priority transmissions.  The higher-priority transmissions may have shorter duration, at least for low values of sub-carrier spacing such as 15kHz and 30kHz. 
Some kind of preemption indication is needed to avoid impacting eMBB traffic.



2-2: Whether/what should be taken into account in designing mini-slot based operation?
	Company
	Views

	Ericsson
	To a large extent a mini-slot is just a slot with different length than a regular slot (compare the fact that we already have length-7 slots and length-14 slots, a length-7 slot could to some extent be seen as a “mini-slot” in a length-14 slot).

	ZTE 
	-Mini-slot based operation should be similar to slot based operation

	CATT
	Mini-slot operation would be critical to the DL/GP/UL configuration in dynamic TDD.  The HARQ operations and feedbacks need to be designed to support dynamic TDD configuration.  

	Panasonic
	- Mini-slot based design would be slot-based design with the latter part of OFDM symbols are removed.

	
T-Mobile US
	· Mini-slot operations should not be significantly different than slot based operations

	Nokia
	Mini-slot based operation should take the slot based operation as the basis, and deviate only when absolutely necessary.

	Samsung
	Starting point is the same design as for slot.

	NTT DOCOMO
	Not sure whether a mini-slot is the same design as for a slot. 
A slot could contain DL control channel, DL/UL data, and UL control channel in its duration. A mini-slot may contain DL control and/or DL data, or UL control and/or UL data, but it would not contain DL+UL in the same mini-slot at least if the mini-slot is short, e.g., 1-symbol or 2-symbol. Even for a relatively longer mini-slot, DL+UL in the same mini-slot may need some discussions (e.g., FFS its position and which length(s) can contain the switching).
It is possible to consider that a mini-slot is a sub-set of a slot; e.g., a mini-slot is an extraction of part of a slot. In this case, DL mini-slot is an extraction from the beginning of a DL-only slot, while UL mini-slot is an extraction from the end of a UL-only slot. 

	LG
	In case mini-slot and slot can be multiplexed, it is necessary to consider whether mini-slot can be scheduled during control channels, CSI-RS, DM-RS, and/or UCI of the slot transmission. This may impact the pattern and/or rate matching pattern of mini-slot scheduling.

	Huawei
	We agree with the views that the mini-slot design should be based on the slot design as much as possible, the simplest way being just shortening the portion used for data transmission while control and RS designs are common with the designs for slot. One difference is that a mini-slot would be DL only or UL only. In this respect, the minimum number of symbols for a mini-slot may need to be at least 2 symbols.

	OPPO
	When mini-slots co-exist with slots (in URLLC <6GHz use case), the intra-mini-slot structure could be similar to intra-slot structure (e.g. TDM of control and data). However, this structure may not be sufficient to support low latency requirement of URLLC (e.g. transmitting in every possible symbol). So a fast indication of presence of mini-slot in each symbol could be considered.

	NEC
	Mini-slot design can reuse most of the principles of slot design with proper adjustments.  For example, DMRS, DCI and data can be TDMed in LTE, while with shorter duration of mini-slot, FDM or split symbol can be considered.

	Intel
	For URLLC, besides the very short duration there is also reliability aspect that needs to be addressed by mini-slots. Therefore, mini-slots should support the reliability related features such as: wideband operation, robustness to high Doppler environment, distributed frequency transmission for diversity extraction, MIMO diversity, operation in different SNR, interference protection, adaptive and asynchronous HARQ etc.

	AT&T
	To fully utilize the benefit of mini-slot, the design should allow for full flexibility including dynamic and on-the fly preempting of on-going slot based transmission in DL and UL

	Sony
	Mini-slot operation should support aggregation of mini-slots to create flexible transmission structures. Mini-slots are the building blocks of these flexible transmission structures.
For massive MIMO operation in reciprocal TDD, we think it is important to allow a transmission structure consisting of <UL SRS>, <DL precoded data>, <UL response>. This transmission structure can be created from aggregation of mini-slots.

	Qualcomm
	Starting point of the mini-slot design should be the design of the slot. In many aspects, we agree a mini-slot shall be just a part/subset of a slot, and deviations on the operational mechanisms inherited from the slot would be needed only if it is proven to be necessary. Mini-slot could potentially cross slots depending on scenarios. Control/RS/Data structure should be more optimized towards certain use cases mini-slot is targeting for URLLC and/or mmWave, unlicensed, etc.

	Motorola Mobility
	At a high level, slot based and mini-slot based transmissions should be similar as much as possible.

	InterDigital
	Mini-slot should be viewed as a flexible length slot.

	Sharp
	Mini-slot should support at least the similar operation to slot based. 

	Fujitsu
	Assuming that “mini-slot” here refers to data transmissions which may be significantly shorter than a slot:
· In general the duration of data transmissions should be flexibly configurable (e.g. from 1 to many OFDM symbols) 
· The timing of data transmission should be flexible (with respect to the occurrence of the scheduling control channel), irrespective of whether operation is slot based or otherwise. 
· For lower latency NR-PDCCH can be monitored by the UE more frequently than once per slot



Question 3: Any other specific design directions that need to be considered?
	Company
	Views

	Ericsson
	Note that the NR design will contain a set of tools, some of which are more suitable for certain services than others. The specification will not restrict a certain tool to a certain services or a certain frequency band only. For example, URLLC is a very wide range of services, many which can be perfectly supported by the same set of tools as eMBB. Some tools (or enhancements to existing tools) may be introduced in later phases as we always do.

	ZTE
	-In phase one, shall mini-slots be designed for FDD only or already for TDD
-Consider forward compatibility for e.g. unlicensed operation even if unlicensed is de-prioritized. 

	CATT
	Consideration of dynamic TDD and unlicensed band operation should be included in the mini-slot design and operation for forward compatibility.  

	Panasonic
	- URLLC latency requirement would be satisfied when 60 kHz and higher subcarrier spacing is used without slot is punctured/preempted by mini-slot.
- In 30 or 15 kHz subcarrier spacing, slot with punctured/preempted by mini-slot would be required. Even such mechanism, TDD would be difficult as the overhead consumed by switching time at least 1 symbol. When propagation delay is large in FDD, to satisfy the requirement would be also difficult. The design complexity trade off should be taken into account.

	T-Mobile US
	· Should numerologies below subcarrier spacings of 15kHz be considered? For example 7.5Khz? 

	Nokia
	Agree with Ericsson’s point that a structure (such as mini-slot) is a data delivery mechanism that is not linked to a particular service by design. As noted above, TDD switching (of eMBB data) is one use case. Another could be TCP slot start. That is, mini-slot is not to be seen as designed for URLLC only, or that URLLC can only be delivered with mini-slots.
Might be beneficial to have only UL or DL  mini-slots in TDD, and no link direction switching within a mini-slot. Otherwise the switching overheads increase and mini-slot link switching coexistence with other traffic becomes problematic.

	NTT DOCOMO
	For mini-slot use-case of latency reduction, progress of LTE shortened-TTI should be taken into account. If a good design is made for LTE shortened-TTI, it should also be applicable to NR mini-slot for latency reduction.

	LG
	Case where UEs may support both mini-slot and slot (e.g., URLLC and eMBB).

	Huawei
	No need to have a DL/UL switching gap within a mini-slot. We should strive to minimize the number of mini-slot options. It would be best if we could narrow down mini-slot durations to just one option (e.g. 2 OFDM symbols) at least for licensed band operation.

	Intel
	In addition to the use cases we identified in Question 1, we support discussing forward compatibility with dynamic TDD.

	AT&T
	From a UE search algorithm point of view it can be very burdensome for the UE to demodulate the UE specific and common search space EVERY OFDM symbol. The control channel design should have quick way of signaling the presence of the DCI in a given symbol. For example a 2 stage control channel with an enhanced PCFICH could make it easier to signal the start of a mini-slot based transmission. 

	Sony
	Consideration of TDD included in the mini-slot design.
Mini-slots can have a different subcarrier spacing to the slot and we should have a common method of using mini-slots irrespective of subcarrier spacing.
There should be a common design of mini-slot operation regardless of carrier frequency. We don’t think it is helpful to differentiate between sub-6GHz and above-6GHz operation. As Ericsson commented, we will have a set of tools…

	Qualcomm
	It is agreeable prioritizing one-directional mini-slot design, with no link direction switching within a mini-slot. Also prioritizing FDD design for URLLC which is more realistic to achieve.

	InterDigital
	Given that NR in higher bands may need to rely on TDD mode of operation for large antenna arrays, we believe design considerations for mini-slot should be inclusive of TDD.

	Sharp
	Not clear if we discuss DL/GP/UL within a slot as a part of mini-slot operation.



3. Discussions on mini-slot details
Question 4: What are the mini-slot numerology/length/position/alignment?
	Company
	Views

	Ericsson
	Subcarrier spacing/CP length: same as for slots
Length: in general 2 to slot_length-1 (=13), potentially also length 1. Restrictions to a subset of these values (e.g. 2 and 7) could be discussed for phase 1 as long as forward compatibility is taken into account not to complicate additional lengths in the future.
Starting position: in general any OFDM symbol. If restrictions on the length are used in phase 1, the possible starting positions could be restricted to e.g. every 2nd or every 7th OFDM symbol (using these two numbers as example lengths)
To a large extent a mini-slot is just a slot with different length than a regular slot (compare the fact that we already have length-7 slots and length-14 slots, a length-7 slot could to some extent be seen as a “mini-slot” in a length-14 slot).

	ZTE
	-Sub-carrier spacing: No restriction of mini-slots to certain sub-carrier spacings
-Mini-slots length: For URLLC: 2 and 4 symbols (to be discussed if two different mini-slots lengths shall be supported or if a length of 4 shall be achieved by aggregation). For mmW, mini-slot length of 1. But probably the mini-slots length should be configurable to support forward compatibility for unlicensed.
-If slot length is restricted to 14, then it should be discussed if a mini-slot of length is needed.
-Mini-slots are aligned with NCP-symbol boundaries across different sub-carrier spacings.
-Mini-slots may cross slot boundaries.
-CP overhead: It has been agreed that for a certain SCS, on top of NCP, only one additional CP overhead is supported. Thus, 2 CP overhead per SCS are supported, regardless if mini-slots or slots are operated. 
-If mini-slot uses some kind of extended CP (e.g. for SCS=60 kHz), then mini-slots shall still be aligned with NCP symbol boundaries SCS = at 15 kHz and 30 KHZ. 
-mini-slot starting position should be discussed (fixed grid, configurable grid, any symbol)
-relationship between mini-slots control monitoring and transmission


	CATT
	Mini-slot Numerology – same as slot 
Mini-slot length – 1 OFDM symbol for all numerologies
CP length – same as slot 
Position – starting OFDM symbol is same as the starting symbol of a slot
Alignment – alignment with different length of DL/GP/UL with 1-symbol mini-slot length

	Panasonic
	For mm-wave (above 6GHz):
Mini-slot numerology: Same as slot (or not to use slot itself)
CP length: Same as slot (or not to use slot itself)
Mini-slot length: Up to slot length with 1 symbol granularity. More than slot length is also supported. The granularity is FFS.
Position and alignment: Any OFDM symbol boundary for licensed. Any position in unlicensed as the possibility.
For non-mm-wave (below 6GHz):
Mini-slot numerology: Same as slot
CP length: Same as slot 
Mini-slot length: 2 symbols only
Position and alignment: The position which does not harmful to slot reception related to slot for PDCCH and DMRS.

	T-Mobile US
	· Shouls sub-carrier spacing below 15kHz be considered? 

	Nokia
	Sub-carrier spacing and CP – these are not specific to slot or mini-slot, but common for both.
Length: Remembering that 1-symbol mini-slot and 2-symbol mini-slot have been agreed (but band-range specific). We would see mini-slot length being from 1 to slot-length -1
Starting position: Any OFDM symbol (this is a given for the efficient TDM if 1-symbol mini-slot is taken as already agreed)
Agree with Ericsson that to a large extent a mini-slot is just a slot with different length than a regular slot

	Samsung
	· Subcarrier spacing/CP length: same as for slot. Don’t see any reason to have mini-slot-specific SCS/CP lengths that are not applicable to slot.
· Length
· Slot length: 14 regardless of SCS
· Mini-slot length: 1 or 2 for up to 60KHz,  1, 2 or 7 for above 60KHz
· Starting position: any symbol for mini-slot length 1, fixed symbol for other mini-slot lengths (e.g. every 2nd or every 7th OFDM symbol)
· Alignment: For slot boundary alignment for different CP overheads, aggregated mini-slots are aligned with NCP slot boundary.

	NTT DOCOMO
	· Numerology/CP length:
· Specification supports same numerology/CP-length sets for slot and mini-slot.
· However, for a given slot numerology/CP-length of a given carrier for a UE, available mini-slot numerology/CP-length for the carrier for the UE may be limited.
· Mini-slot length/position/alignment:
· OK to support mini-slot having one-symbol to (slot_length – 1)-symbol.
· Note that the mini-slot length/position may be restricted by slot-level operation if slot-level operation applies, e.g., dynamic determination of DL control channel resource set in time-domain, intra-slot frequency-hopping for UL, etc. Therefore, the final design may rely on slot design.

	LG
	· Subcarrier spacing and CP:
· According to the agreements made in RAN1#86bis, NR should support both cases where eMMB/URLLC use the same sub-carrier spcacing with the same CP overhead and use different sub-carrier spacing. In this case, it seems natural that sub-carrier spacing and CP of mini-slot will be independently configured. In other words, the numerology used in slot based scheduling and mini-slot based scheduling can be different. In terms of numerology set for mini-slot, we consider the same set of numerologies for slot can be applicable to mini-slot as well. 
· Length: 
· For URLLC, we see 2 OS mini-slot size is sufficient. For mmWave and unlicensed spectrum for flexible data mapping, as agreed, 1 to slot length -1 would be considerable. However, it seems necessary to consider down selection of variable sizes to minimize DCI overhead. In terms of control monitoring in mmWave and unlicensed spectrum, we think BD reduction should be supported.  
· Position:
· As mentioned earlier, it is related to control monitoring occasion. Therefore, starting position of mini-slot will be defined based on control monitoring occasion and the time duration of mini-slot. At least for URLLC, possible starting position of mini-slot will be every second slot-OS. In case mini-slot/slot multiplexing is considered, mini-slot may be constructed to avoid the mapping on protected signals/channels of slot. 
· Alignment: 
· When same CP overhead is used between mini-slot and slot, it is beneficial to align mini-slot boundary at symbol boundaries of slot (e.g., 30 kHz NCP 4 OS mini-slot maps to 15 kHz NCP 2 OS). Even in case different CP overhead is used, alignments at symbol boundaries are considerable (e.g., 60 kHz ECP 6 OS mini-slot maps to 15 kHz NCP 2 OS).

	Huawei
	Same subcarrier spacing/CP between slot and mini-slot. For URLLC, mini-slot use for larger SCS, e.g., 60kHz, is not motivated because slot-based transmission can already satisfy latency requirement, although it might be useful for small packets. Further reducing the number of symbols for larger SCS causes high control/DMRS overhead which should be avoided. For unlicensed band, the performance benefit in DL from mini slot is trivial when larger SCS is used.
Number of symbols:  Multiple choices of mini-slot length would need lot of standardization effort and its necessity, at least for URLLC, is not motivated. In particular, as the length varies, how control and RS structure change and/or adapt is non-trivial. We propose mini-slot length of 2 is supported in Phase 1. For unlicensed band, the number of symbols in a mini slot would depend on the starting point of mini slot. 
Starting symbol: it can be configured based on application. For URLLC, mini-slot start position needs to take into account eMBB control and DMRS, i.e., not all symbols within a slot are suitable to start a mini-slot. For unlicensed bands, the starting point should be studied taking both performance gain and implementation complexity into account.
Alignment: In resource portion with ECP, the CP type for mini-slot is ECP. In resource portion with NCP, the CP type for mini-slot is NCP. For URLLC, mini-slot should not cross slot boundary to avoid possible pre-emption of symbol(s) containing eMBB control.  

	OPPO
	For eMBB >6GHz: 
· Numerology: Before discussing numerology for mini-slot, we should first determine the reference SCS, and then the corresponding minimum granularity for multi-beam operation and wideband operation >6GHz. Based on the above decision, slot and mini-slot may not both necessary. If both slot and mini-slot are used, same numerology for them should be treated as the baseline. 
· Length: Flexible mini-slot length adaptive to user capacity and service load of a beam group (up to 7/14 symbols) if mini-slot is used. Slot is used for > 7/14 symbols.
· Position/alignment: Whether cross-1ms-boundry mini-slot is supported should be FFS taking account of what extent of flexibility and latency is required for eMBB. Decision could be different from that for URLLC.
For URLLC <6GHz: 
· Numerology: Same numerology as slot is the baseline. 
· Length: Limited number of options. Length depends on typical URLLC service payload.
· Position/alignment: A mini-slot can start in any symbol. Cross-1ms-boundry mini-slot is supported.

	NEC
	Numerology:
· Same set for mini-slot and slot, while specific numerology for mini-slot and slot can be different subject to concrete conditions.
Starting position:
· For unlicensed operation, any symbol can be the starting position. For URLLC and mm wave, down selection can be performed to decrease UE power consumption.
Length/Alignment:
· Ranges from 1 to slot_length -1. Restriction with not crossing slot boundary can be added if TDM of slot and mini-slot is adopted.

	Intel
	- Sub-carrier spacing: No restriction in terms of support of mini-slots for different subcarrier spacings
- Mini-slot length: For URLLC, we are fine with 2 symbols assuming other URLLC transmission durations can be achieved by multi-mini-slot scheduling or mini-slot aggregation. For other use cases listed in Question 1, mini-slots of one OFDM symbol are not precluded.
- Mini-slot based transmissions may cross slot boundaries.
- For URLLC, mini-slot starting position granularity of minimum mini-slot length should be supported, i.e. 2 symbols granularity for mini-slots of 2 symbols (or 4 symbols achieved by aggregation of two). For other use cases listed in Question 1, mini-slots of one OFDM symbol with any symbol starting position are not precluded.
- Alignment:
· Same CP overhead
Symbol alignment is already achieved by previous agreements. If URLLC mini-slots of two symbols are used, then considering the previous bullet on starting position, the mini-slots may start and end on eMBB symbol boundaries if SCS for URLLC is 1x or 2x of eMBB. For the case of 4x larger SCS for URLLC, the mini-slots may start and end on a half of an eMBB symbol.
For unpaired spectrum, more considerations are needed to conclude on alignment due to the need to insert gaps for TX-RX switching.
· Different CP overhead
The case of same SCS and different CP for slots and mini-slots should not be supported.
In case of different SCS and different CP, alignment on longer symbol’s boundaries is desirable for better resource utilization due to dynamic TDM from system perspective, however may not be possible on every symbol as for the same CP case. Exact CP length and alignment for this case should be further evaluated and decided.

	AT&T
	Mini-slot Numerology – same as slot 
Mini-slot length – 1 to slot_length-1;
CP length – same as slot 
Starting Position – any OFDM symbol
Alignment – Mini slot is considered as a special slot with less number of OFDM symbols

	Sony
	SCS: No restriction of mini-slot subcarrier spacing.
Length: mini-slot length of 1 is useful for mmWave. We think that length 1 should be applicable to all carrier frequency ranges (mini-slot length of 1 symbol is also useful for mini-slot aggregation).
CP length: NCP or ECP. There may need to be alignment between mini-slots and slot-based symbols at some periodicity. 
URLLC is an important use case for mini-slots. For reliability, we think that ECP will be required in some deployments, almost irrespective of SCS. Hence use of ECP at 60kHz SCS is just an example, and ECP can be used in a mini-slot at other SCS too. 
Position: starting position can be any OFDM symbol boundary of the slot-numerology.
Length: 1 to slot_length-1. The smaller mini-slot lengths can be useful when aggregating mini-slots.

	Qualcomm
	-Sub-carrier spacing: No restriction of mini-slots to certain sub-carrier spacings: preferred value for URLLC 30kHz, for mmWave 120kHz
-Mini-slots length: For URLLC: 2 and 4 symbol duration. For mmW, mini-slot duration of 1~slot duration-1 symbol(s). 
- Aggregation of one or more mini-slot(s) should be possible. 
- Aggregation of a mini-slot with a slot should be possible.
- If slot length is 14 only. 7-symbol mini-slot may be considered.
-Mini-slots are aligned with NCP-symbol boundaries of eMBB data numerology of the slot across different sub-carrier spacings.
-Mini-slots may cross slot boundaries.
- Mini-slots control interval is defined on a configurable grid, especially for URLLC services. 

	Motorola Mobility
	Subcarrier spacing/CP length: same as for slots
Length: We see two possible options wrt. Mini-slot length: a) define mini-slot length as x symbol(s) and achieve other durations (i.e., values greater than x to slot length-1) by aggregation of several mini-slots. B) define mini-slot to have a variable length (dynamically varying) between x to slot length -1. We prefer x=1.
Starting position: Any OFDM symbol.

	InterDigital
	If one views mini-slot as a flexible length slot, then the numerology will be the same across all slot lengths. In that sense, the flexible length slot could be 1-14 OS. If we visualize a normal slot as the aggregation of multiple virtual mini-slots, then the starting position of any active mini-slot would depend on the granularity (length) of mini-slot. In other words, assuming a mini-slot with 1-OS duration, any OFDM symbol can be the starting position of the mini-slot. Besides, the highest length slot (i.e, 14-OS) is aligned with the aggregated mini-slots of shorter length (e.g., 7 mini-slots of 2-OS). 

	Sharp
	Potential mini-slot length/position for the first phase can be down-selected, but we should ensure the forward compatibility with future Ues configured with any other length/position. 

	Fujitsu
	From a UE perspective, the minimum interval between symbols monitored for control channels may depend on the sub-carrier spacing. At high sub-carrier spacings, scheduling once per slot should be sufficient to meet URLLC latency requirements.
Whether data transmission durations down to 1 symbol are needed for all sub-carrier spacings/carrier frequencies could be FFS.



Question 5: What are the mini-slot DMRS designs?
	Company
	Views

	Ericsson
	The baseline is the same design as for a slot.

	ZTE
	Agree with Ericsson. Baseline is the same design as for the slot

	CATT 
	Same principle as the DM RS design for slot.   

	Panasonic
	Same principle as DMRS design. Certain DMRS patterns like high mobility case and so on would not be supported.

	T-Mobile US
	Agree with Ericsson

	Nokia
	Agree with Ericsson

	Samsung
	Starting point is the same design as for slot.

	NTT DOCOMO
	“DMRS for mini-slot is the same as that for slot” is not the right words. It should be “DMRS for slot is the same as that for mini-slot”. Once it is agreed to support the same DMRS design for data channel spanning a slot and that spanning a mini-slot, the DMRS design is restricted by the data channel spanning a mini-slot, since it is the worst case from available resource amount point of view. DMRS should be designed such that it works with 1-symbol mini-slot. Therefore, if the common design is baseline as companies proposed, DMRS for data channel for a certain number of layers of a slot-level data should be within one symbol. 

	LG
	Design principle for slot could be considered as much as possible. However, depending on the numerology, it is necessary to investigate further consideration for mini-slot DMRS. For instance, even if mini-slot is defined to have the same subcarrier spacing of slot and consists of two symbols, it needs to study how to allocation resources for DMRS in time-domain considering DMRS overhead.

	Huawei
	Front-loaded DMRS within a mini-slot as baseline, i.e. same principle as for slot. Mini-slot symbol(s) used for control and RS should not overlap with symbols used for control and RS of slot.

	OPPO
	DMRS design depends to number of symbols of mini-slot. Baseline is the same design as that for slot.

	NEC
	Same principle as for slot. Adjustments can be performed if necessary.

	Intel
	RAN1 should strive for as common design as possible for slot and mini-slot demodulation reference signals. However, in our view, URLLC may require additional considerations on RS design comparing to the slot-based eMBB operation (as discussed in our contribution R1-1612581 from the last meeting). In that sense we should be careful just reusing the slot-based DM-RS designed mainly for eMBB. We would rather encourage to take into account URLLC and mini-slot based transmissions for general DM-RS design. For non-URLLC use cases, mini-slots could be truncated slots as starting point.

	AT&T
	The baseline assumption should be the same DMRS design for slot and mini-slot.

	Sony
	Starting point is the same as for slots. We can consider a shifted DMRS pattern to help slot-based UEs to detect the presence of mini-slots (so that the slot-based UE can declare punctured regions of the slot through a process of measurement of the mini-slot DMRS pattern).

	Qualcomm
	The baseline shall be one of the DMRS configurations of the slot, preferably the DMRS front-loaded pattern of the slot.

	Motorola Mobility
	At high level, the DMRS structure should be similar to the DMRS symbols transmitted in a slot. Further details can be discussed after more details are agreed for slot-level DMRS.

	InterDigital
	DMRS design should be flexible enough to cover variable mini-slot lengths. For example, front-loaded pattern is not applicable to mini-slots with one OFDM symbol duration.

	Sharp
	The same principle as for slot-based operation.

	Fujitsu
	The DMRS design should be based on that for slot-based operation, but should be modified to allow detection of pre-emption.  



Question 6: What is the DL control channel resource allocation for mini-slot?
	Company
	Views

	Ericsson
	Same as for slots, e.g. control channels in the first OFDM symbol of a mini-slot. Not all mini-slots may have a control channel.

	ZTE
	Starting point is the same as for slots

	CATT 
	The control channel resource and the starting symbol should be UE-specific configured when UE is configured with mini-slot based scheduling.  

	Panasonic
	Control channels in the first OFDM symbol of a mini-slot. Slot design supports multiple symbols for control channels to enhance coverage but mini-slot would not support such design.
DCI located on control resource in slot can schedule mini-slot data. 

	T-Mobile US
	Agree with Ericsson

	Nokia
	Starting point: same as for slots

	Samsung
	Starting point is the same design as for slot.

	NTT DOCOMO
	For mini-slot usage for latency reduction, DL control channel and RS should be available per mini-slot. Since a mini-slot has smaller amount of radio resources compared to slot, the DL control channel/RS overhead should be minimized. 
For mini-slot usage for analog-beam forming, DL control channel should be available per slot. The DL control channel in a slot schedules data for mini-slots within the slot. RS for mini-slot should be available per mini-slot.

	LG
	For URLLC, similar to slot, control channels can be mapped to the first OFDM symbol of a mini-slot. For mmWave/wideband case, control and data may be mapped in different time location within a slot independently. Generally, we do not see the strong need of control in mini-slot for mmWave case.

	Huawei
	1) Similar to slots, control channel is front loaded. 
2) Time/Frequency resource of control resource set can be configured by RRC and/or DCI;
3) Mini-slot granularity in frequency can occupy group of PRBs to save in DCI overhead, at least for URLLC transmission. As number of symbols is limited, frequency resources larger than a PRB may be needed.

	OPPO
	For eMBB >6GHz, same as that for slots. Mini-slot/slot without control channel is supported.
For URLLC<6GHz, DL control channel structure simply same as slot may not be sufficient to support URLLC latency requirement (e.g. transmitting from any symbol). It is too complex for a UE to search control channel in all symbols.

	NEC
	If the mini-slot has more than 1 symbol, TDM between DCI and data can be used; otherwise, FDM can be considered. Resource allocation needs to indicate the time domain duration dynamically or semi-statically.

	Intel
	RAN1 should strive for as common design as possible for slot and mini-slot control channels. In one scenario, a UE may realize that it is scheduled by a slot or by a mini-slot by explicit dynamic signaling in a DL control channel. That could be possible by exploiting common control channel design. 

	Sony
	Control channel can be in the first OFDM symbol of a mini-slot. FFS if also in other OFDM symbols.
Agree with Ericsson that not all mini-slots have a control channel.

	Qualcomm
	If there is control channel in the mini-slot, it is preferable to be in the first OFDM symbol of a mini-slot.
Note that not all mini-slots may have a control channel. For example, in mmWave, mini-slot could be scheduled by slot-based control.

	Motorola Mobility
	Starting point is same as for slots.

	InterDigital
	Mini-slots could be configurable to carry data only, control only or both data and control. Control channels are transmitted on control only and data+control (self-contained) mini-slots. Particular attention should be given to mini-slots with one OFDM symbol duration. For this configuration, control and data channels may need to be multiplexed on the same OFDM symbol.

	Sharp
	For unicast, the same principle as for slot-based operation.

	Fujitsu
	The aim should be for a common control channel design which does not depend on the time interval between symbols that the UE monitors for control channels.



Question 7: What is the UE search space configuration for mini-slot?
	Company
	Views

	Ericsson
	Same as for slots as a starting point. Note that we already have an agreement that the monitoring occasions for control channels can be configured (e.g. every 7th symbol, every 2nd symbol, every 14 symbol, etc).

	ZTE
	Minimum granularity as already agreed (every second symbol below 6Ghz). But control can be configurable, not every 2nd symbol must be monitored.
If mini-slot is allowed to start at any symbol, the control can also be fairly flexible. Not every symbol must be monitored. 

	CATT
	UE search space is UE-specific configured by the network.   The search space of mini-slot could share with the search space of a lot in case UE is configured to monitor DL control channels of slot-based and mini-slot-based scheduling.   

	Panasonic
	Every 2nd, 7th, 14th symbols can be configured. Less often should be allowed by DRX or search space configuration restriction.

	Nokia
	In frequency domain, the same approach as for slots
In time domain, the design should allow the mini-slot to start at any symbol position
Network configuration and possible UE capability restrictions to be taken into account as limitations on to

	Samsung
	Same view with Ericsson. Starting point is the same design as for slot. That is, UE specific DL control monitoring occasion can be configured as the below agreement in RAN1#86b.
RAN1#86bis Agreements:
· UE-specific DL control information monitoring occasions at least in time domain can be configured

	NTT DOCOMO
	For mini-slot use-case of latency reduction, a UE can be configured with mini-slot-based scheduling has also configurations of slot-based scheduling. Therefore, as CATT pointed out, the UE can be configured to monitor DL control channels of slot-based and mini-slot based scheduling.

	LG
	To support a variety of application and requirements, network can configure UE-search space in terms of monitoring occasion in time-domain, and frequency resource. At least for URLLC, the minimum period of monitoring occasion will be 2 slot-OS.

	Huawei
	Time granularity of mini-slot DCI monitoring can be configured.

	OPPO
	For eMBB >6GHz, same as that for slots for baseline. Time-domain blind detection in every symbol should be avoided although starting point of search space can be flexibly configured.
For URLLC<6GHz, frequency-domain search space could be similar to that for slots. To support mini-slot starting in any symbol, time-domain search space has to span over all symbols. But it is too complex for a UE to search control channel in all symbols and whole bandwidth. A fast indication of presence of mini-slot in each symbol could be considered to trigger frequency-domain searching of control channel.

	NEC
	Search space for mini-slot can be based on the mini-slot position. DCI monitoring configuration can be indicated to UE by dynamic or RRC signaling.

	Intel
	It could be possible to configure a UE to monitor control with granularity of mini-slot starting position. Note, that this is in line with current agreements on granularity and configurability of monitoring occasions.
Additionally, for URLLC, the number of configured search spaces in one mini-slot should be minimized to facilitate faster control channel processing with reasonable complexity.

	AT&T
	UE specifically configurable on every 7th symbol, every 2nd symbol or every 14th symbol. 
Same search space as for slot if UE battery consumption is not a big issue, otherwise, consider reduced search space for mini-slots 

	Sony
	If the control channels exist in the first OFDM symbol of the mini-slot and a mini-slot can start on any OFDM symbol boundary in the slot-numerology, then the UE has to search for mini-slot control channels on every OFDM symbol boundary in the slot-numerology. 

	Qualcomm
	For URLLC control shall be configurable on a grid, every mini-slot. For mmWave, control of mini-slot shall be on the same location as control of the slot. 

	Motorola Mobility
	Search space configuration should be similar to slot as much as possible with a few minor differences. E.g. not all search spaces (e.g. CSS) are needed for mini-slots. The control resource sets configured for the UE for mini-slots and slots need not be same. It is preferable to keep the time-span of at least some control channel candidates to be same for slot based control and mini-slot based control.

	InterDigital
	The UE can be configured to monitor DL control channels of mini-slots configured to transmit control signaling only or data and control (self-contained mini-slot). In the case of co-existence of slots and mini-slots, the 2 OFDM symbol control channel at the beginning of the slot can be viewed as a virtual mini-slot carrying control signaling only.

	Fujitsu
	The aim should be for a common design. 
A common search space once per slot may be sufficient.
The control channel region supporting slot-based operation may need more resources.



Question 8: What is the data scheduling/HARQ-ACK feedback procedures for mini-slot
	Company
	Views

	Ericsson
	Scheduling of a mini-slot can be done in the same way as for a slot, e.g. with control signaling at the beginning of the mini-slot or by control signaling transmitted at the beginning of a slot (cross-slot scheduling).

	ZTE
	Starting point is that it is done as for slots

	CATT 
	The HARQ-ACK feedback timing is explicitly indicated in the DCI.  

	Panasonic
	Basically same as slot but more explicit timing indication is required.

	Nokia
	Basically the same as for slot., but the location of the HARQ-ACK in uplink may need more detailed indication.

	Samsung
	Starting point is the same design as for slot.

	NTT DOCOMO
	For mini-slot use-case of latency reduction, scheduling/HARQ feedback timing is determined as a function of mini-slot length/configuration.
For mini-slot use-case of analog beam-forming, scheduling/HARQ feedback timing is determined as a function of slot length/configuration.
For the case where data channel over a slot and that over a mini-slot is schedulable for a given UE, it should be possible to share a HARQ process by slot and mini-slot.

	LG
	Mechanism for slot-based operation could be considered as a baseline. Since some portion of processing time such as high-layer operation (e.g. DCI interpretation at MAC layer) could be relatively larger even though the time duration of mini-slot is small enough, it is necessary to check feasibility or suitable timing of data scheduling and HARQ-ACK feedback timing.

	Huawei
	Scheduling/HARQ-ACK feedback procedures for slot can be baseline.

	OPPO
	For eMBB >6GHz, same as that for slots for baseline. 
For URLLC<6GHz, FFS.

	NEC
	Need to consider the UE processing capability. Feedback of multiple mini-slots for a single UE can be transmitted together or individually.

	Intel
	Similar to the slots.

	AT&T
	Same way as for a slot and use the same slot based HARQ ACK/NACK feedback framework and UCI/DCI for sending this feedback 

	Sony
	Starting point is that the scheduling and HARQ-ARQ feedback procedures are the same as for slots, but scaled in time (to account for the mini-slot numerology).
Consideration needs to be given to procedures when mini-slot aggregation is applied. 

	Qualcomm
	For mmWave, the HARQ timeline of a mini-slot will be the same as that of the slot. Mini-slot could be scheduled using the control of the slot and follow the slot-based HARQ timeline. 
For URLLC, the HARQ timeline will be the scaled version of the slot-based HARQ timeline.

	Motorola Mobility
	HARQ and scheduling procedures should be similar to slot based operation, albeit with finer time-granularity. Agree with DoCoMo that it should be possible to share a HARQ process by slot and mini-slot.

	InterDigital
	HARQ transmission principles including A/N transmission must account for DL mini-slot based dynamic scheduling.
One possibility is to consider implicit NACKs, i.e. to send ACK only when a (re-)transmission is received and decoded successfully. Unsuccessful scheduled transmissions in a mini-slot can be kept in the UE buffer for a limited time. A subsequent scheduled mini-slot containing control information may indicate re-transmission and possibility for soft-combining.

	Sharp
	Mini-slot should support at least the similar data scheduling/HARQ-ACK feedback procedures to slot based.

	Fujitsu
	The aim should be for a common design. 
In any case, for slot based operation flexibility for different HARQ-ACK timing configurations will be needed.



Question 9: Any other specific details that need to be considered for mini-slot?
	Company
	Views

	Ericsson
	Note that discussions on e.g. techniques for ultra-reliable control signaling (if needed) is separate from mini-slots as e.g. URLLC services are not restricted to mini-slots.

	CATT 
	We would like to emphasis the importance of the mini-slot as the minimum scheduling unit in time for resource allocation.   This function of mini-slot should be considered to allow fully flexible resource allocation for both slot-based and mini-slot-based resource allocation.  

	NTT DOCOMO
	Impact of transient period for uplink mini-slot should be taken into account.

	Fujitsu
	For the case of multiplexing of eMBB and URLLC traffic using preemption:
· Whether different numerologies are supported for eMBB and URLLC
· Whether URLLC transmissions can overlap eMBB control channels and DMRS for eMBB data 



4. Conclusion

[bookmark: _GoBack]Proposals:
· 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 and 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
· 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)
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