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Summary from offline discussion about remaining issues on mini slots


1) Background

Agreement on mini-slot lengths from 2016-11-16:

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 


Other in WF (R1-1613160) mentioned properties of mini-slots have been left undefined.
The purpose of this offline discussion was to define the characteristics further with respect to:

· Alignment
· Aggregation
· NR-PDCCH monitoring


2) Discussion

Observations from the discussion 
(personal view based on the raw notes and course of the discussion)
· Alignment and aggregation
· For Alignment and Aggregation it has been observed that these properties depend on the decision how URLLC stand-alone operation and URLLC/eMBBB multiplexing will be defined to operate
· Different companies have different preferred options for URLLC/eMBB multiplexing. Especially two methods,  “slot” aligned and URLLC burst being symbol aligned with “eMBB” will have impact on further characteristics on mini-slots
· Before the URLLC/eMBB multiplexing is described, it will be almost impossible to agree on alignment and aggregation, if it is needed to be specified at all, and if yes, how it shall be done
· NR-PDCCH monitoring
· On this issue, some progress has been made to narrow down the possibilities for monitoring occasions. It could be possible to make an agreement here now. Please see the correction bullet in the “notes” section below     



Raw notes from the discussion

· Alignment

· Decision dependent on how 
· URLLC stand-alone operation
· URLLC/eMBB coexistence
· Options should be studied, e.g.
· Option 1: Alignment does not need to be specified, if desired, e.g. for dynamic TDM/FDM, it can be handled by the scheduler
· Option 2: A mini-slot based transmission cannot cross a certain boundary for a FFS use case
· Option 3: A mini-slot transmission cannot cross a certain boundary for a FFS use case
· Aggregation
· Will be discussed after URLLC and URLLC/eMBB have been described

· NR-PDCCH monitoring
· Already agreed: Configurable when to monitor
· Further restrictions on the minimum granularity of the DCI monitoring occasion are FFS
· NR supports the following minimum granularity: 
· For slots: once per slot
· When  mini-slots are configured to the UE: FFS if every symbol or every second symbol
· Note: already agreed every symbol is starting symbol above 6 GHz, except URLLC


3) Some thoughts, where are we now and how we could move forward

· During RAN1#87, we have reached agreement on mini-slots lengths.
· This was fundamental to be able to describe solutions for use cases in more detail
· After we have agreed on solutions for use cases, it will be much more simple to fill in the remaining details for mini-slots
· Note: This was the general view of the companies that participated into the offline discussion     
· Most uncertainties for mini-slots where for below 6GHz
· We should focus on important use cases below 6GHz (e.g. URLLC/eMBB multiplexing)
· URLLC/eMBB seems to be the key issue in agenda item 7.1.1 for the moment.
· With URLLC/eMBB multiplexing in place, 
· We can define mini-slots much better
· Note: Also the ECP issue will be much easier to decide  

· For URLLC/eMBB multiplexing, different companies have shown interest in at least two options:
· “Slotted” multiplexing between URLLC and eMBB transmission bursts
· “Puncturing” of eMBB resources with URLLC transmission burst alignment to eMBB symbols
· The final mini-slot (and also ECP) design will probably be optimized for the preferred solution
· Various companies have already submitted contributions on this topic to express their views
· We could have an email discussion, where we compare the two approaches with respect to several criteria, e.g. resource utilization, flexibility in terms of applicable SCS, power consumption
· Outcome of the email discussion would be to find out what the preferred solution for URLLC/eMBB multiplexing should be for NR
· An agreement that we then could make would be that the remaining issues on numerology and frame structure (mini-slot, ECP) should follow the preferred solution for eMBB/URLLC multiplexing   
