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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The efficient support of URLLC and eMBB services on shared resources is one very important design issue for NR. From the on- and off-line sessions and also captured by the email discussion [1] prior to RAN1-ah-18511, it is clear that the preferred solution of most companies is to let the sporadic URLLC transmission bursts preempt parts of the already scheduled eMBB UEs.
In DL, this can be accomplished by using slots for the eMBB and mini-slots for URLLC transmission. One example is illustrated in figure 1 below. In that example 2 aggregated 14-symbol slots with SCS = 30 kHz are used to carry the eMBB transmission and one 4-symbol mini-slot with the same SCS is used for URLLC.    
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Figure 1 – Example for multiplexing slots and mini-slots. The 2 14-symbol slots at SCS = 30 kHz are aggregated to carry an eMBB transmission. This transmission is pre-empted by a 4-symbol mini-slot with the same SCS.

In RAN1 #87 sufficient agreements have been made to include the mini-slots into the NR WI for R15. For reference these agreements are copied below into this contribution. 
	Agreements:
· NR-PDCCH monitoring at least for single-stage DCI design,
· NR supports the following minimum granularity of the DCI monitoring occasion: 
· For slots: once per slot
· When  mini-slots are used: FFS if every symbol or every second symbol
· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)
· Note: slot/mini-slot alignment is not assumed here 
· Note: This may not apply in all cases
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 




But even if RAN1 has progressed quite far with the definition of mini-slots, there are still issues to be resolved.
1. How to standardize slots together with mini-slots
2. Details about mini-slot control monitoring, transmission lengths and pre-emption of slot-based transmissions
For the first issue, one idea could be to create a unified framework for both slots and mini-slots. Ideally, the mini-slots should be treated simply as shorter slots (or slots with a different start and/or ending time). This issue is out of the scope of this contribution and is treated in [2] instead. The other one is discussed in the following section of this document.
2. Discussion
In this section several key properties of mini-slots and their application are discussed:
2.1 Configurable interval for PDCCH monitoring
It has already been agreed that the PDCCH control monitoring is configurable. For mini-slots, it is FFS whether the minimum granularity is 1 or 2 symbols. To simplify the specification and implementation as well as to ensure forward compatibility, we propose to align the PDCCH monitoring intervals with sub-frame boundaries and to allow a granularity of one symbol in the numerology of the mini-slot. The configuration can be performed by semi-static signaling.
In Figure 1 below, an example is shown for a SCS of 30 kHz. The slot length is 14 symbols and the monitoring interval is selected to be every second symbol.
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Figure 2 – Example for configurable mini-slot control monitoring. The control interval is aligned with the slot boundaries. In this example, every second symbol is monitored for a PDCCH


Proposal 1: The mini-slot control monitoring is configurable
· [bookmark: _GoBack]The configuration can be UE specific by RRC signalling. It is defined in number of symbols counted in the numerology of the mini-slot 
· The minimum monitoring interval is 1 symbol in the numerology of the mini-slot
· The monitoring intervals align with the sub-frame boundaries

2.2 Mini-slot structure independent from mini-slot transmission position
Mini-slots can for example efficiently be used to carry URLLC services. In a typical use case it could be expected that the transmission would take place on resources not used by any other transmissions. However, for efficient resource sharing between eMBB and URLLC, also eMBB preemption is supported. The gNB may schedule mini-slots to preempt already ongoing slot-based eMBB transmissions. In some situations even symbols that may contain slot-DMRS or other signals could get punctured. In the offline session of RAN1#87, it has therefore been discussed to introduce special mini-slot formats that would allow mini-slots to preempt parts of a slot-based transmission without removing certain REs. These mini-slot structures would then for instance have “RE”-holes. Such an approach would make the used mini-slot format being dependent on a) if the mini-slot is scheduled on free or occupied resources and b) on the mini-slot transmission location within a slot.
Considering the use case of eMBB/URLLC multiplexing, it should be kept in mind that the URLLC traffic is very sporadic, maybe 5-10% of the resources are going to be occupied. Even for the case the mini-slots gets scheduled on occupied resources, as shown in the example of figure 1, there are 5 out of 7 transmission opportunities where it is safe to transmit the mini-slot without any impact on the DMRS or control of the eMBB transmission being punctured. Thus, the probability for puncturing out a possible slot-DMRS is very low. 
On the other hand, we are seeing several risks by developing 2 parallel tracks of mini-slots, one for free and one for occupied resources. The latter one would open up a whole set of questions that all need to be studied but in the end only could add significant additional complexity for a marginal performance gain (if any).. This is not an essential part for the mini-slot design in R15. When to transmit the mini-slots shall instead be a choice of the gNB scheduler. We are seeing, however, the possible need to discuss scheduling constraints. But this is an issue for both slot-based and mini-slot based scheduling and should be treated together.
Proposal 2: The mini-slot structure shall be independent of whether the mini-slots are scheduled on free resources or on resources occupied by another data transmission (e.g. independent of whether the mini-slots are scheduled on resources occupied by eMBB data or not). 
Proposal 3: The mini-slot structure shall be independent of the starting position of the mini-slot within a slot. 
2.3 Configurable mini-slot length
It has been agreed that above 6 GHz, mini-slot durations from 1 to “slot length-1” are supported. For carrier frequencies below 6 GHz, the minimum duration is 2 symbols. Since, the RAN1 specification is supposed to be carrier frequency agnostic, mini-slots should in general support durations from 1 symbol to “slot length-1”. This does of course not mean that all UEs have to support all mini-slot lengths. What combinations to implement could be defined in an application table.
Proposal 4: Mini-slot lengths from 1 symbol to “slot length-1” are supported
	Note: This is how it is proposed to be written in the RAN1 specification. This does not apply to all UEs
When mini-slots are used for URLLC transmission, it is not guaranteed that each and every URLLC transmission will contain the same data or can use the same MCS. Therefore, the number of symbols to be spent for the mini-slot transmission can change dynamically. In order to ensure efficient resource utilization, the mini-slot length to be used at a transmission occasion could be indicated in the DCI of the corresponding URLLC-PDCCH. This is illustrated in Figure 3 below. The first mini-slot transmission only consists of two symbols whereas the second one of 4 symbols. Of course, a mini-slot transmission could be even longer, for instance 5 symbols. In such a case it would cross the next PDCCH monitoring occasion but this does not need to be a problem. 
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Figure 3 – Example for mini-length configuration. The length for the mini-slot transmission is indicated in the DCI of the URLLC-PDCCH at the given transmission occasion.

Proposal 5: The mini-slot length could be dynamically indicated in the PDCCH scheduling the mini-slot transmission.
Proposal 6: The mini-slot length and PDCCH monitoring occasion could be independent from each other. A mini-slot based transmission could be longer than two PDCCH monitoring occasions. 
2.4 Offset between control and data for mini-slot scheduling
It has already been agreed for slot-based scheduling that the DCI may provide an offset between control and data. The same concept should be inherited for the mini-slots.
Especially in higher bandwidth applications, several mini-slots intended to different UEs may receive their DCI at the same time and but are then scheduled at different time instances for data transmission. Thus, a dynamically configurable offset between PDCCH and PDSCH should be introduced. 
[image: ]

Figure 4 – Simultaneous scheduling for multiple UEs. An offset between PDCCH monitoring and PDCCH start is introduced

Proposal 7: In analogy to the already agreed slot-based scheduling, also for the mini-slots, a dynamical configurable offset between control and data is supported. 
3.   Conclusion
In this contribution we have discussed different mini-slot properties and make the following proposals:
Proposal 1: The mini-slot control monitoring is configurable
· The configuration can be UE specific by RRC signalling. It is defined in number of symbols counted in the numerology of the mini-slot 
· The minimum monitoring interval is 1 symbol in the numerology of the mini-slot
· The monitoring intervals align with the sub-frame boundaries
Proposal 2: The mini-slot structure shall be independent of whether the mini-slots are scheduled on free resources or resources occupied by another data transmission (e.g. independent of whether the mini-slots are scheduled on resources occupied by eMBB data or not).
Proposal 3: The mini-slot structure shall be independent of the starting position of the mini-slot within a slot.
Proposal 4: Mini-slot lengths from 1 symbol to “slot length-1” are supported
	Note: This is how it is proposed to be written in the RAN1 specification. This does not apply to all UEs
Proposal 5: The mini-slot length could be dynamically indicated in the PDCCH scheduling the mini-slot transmission.
Proposal 6: The mini-slot length and PDCCH monitoring occasion could be independent from each other. A mini-slot based transmission could be longer than two PDCCH monitoring occasions. 
Proposal 7: In analogy to the already agreed slot-based scheduling, also for the mini-slots, a dynamical configurable offset between control and data is supported. 
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