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1. Introduction
In RAN1#87 meeting [1], following agreements were made regarding mini-slot design: 

	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:

· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.

Agreements:

· Possible use cases for the extended CP include

· Multiplexing of eMBB and URLLC deployed below 6 GHz

· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz

· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz

· Support extended CP at least for 60 kHz SCS

· UE support for ECP may depend on UE type/capability

· FFS how to configure UE using different CP overhead

· FFS the length of ECP

· FFS extended  CP for other scenarios/numerologies

Agreements:

· 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 


In this contribution, we discuss frame structure for mini-slot considering coexistence between slot-based transmission and mini-slot based transmission. Furthermore, we provide potential alternatives of mini-slot structure especially for URLLC. 
2. Discussions 
2.1. Coexistence between slot and mini-slot
Depending on the target application for mini-slot design, multiplexing mechanism between slot-based and mini-slot-based transmissions would be different. For instance, in case of mm-wave or unlicensed band transmission, resources for slot and mini-slot would be coordinated not to be overlapped each other in advance via TDM and/or FDM. Meanwhile, in case of URLLC, resources for mini-slot can preempt some portion of resources for slot for potential urgent transmission. 

In the perspective of network, for a given duration of time, both slot-based transmission and mini-slot-based transmission could be multiplexed in FDM/TDM manner. From UE perspective, it is necessary to receive control and RS (e.g. DM-RS, CSI-RS) reliably for successful decoding of slot-based transmission. In other words, resources for control or RS (e.g. DM-RS, CSI-RS) for slot-based transmission would not be punctured or rate-matched for mini-slot based transmission. 
For simplicity, it can be considered to restrict time and/or frequency resources to be used for mini-slot to avoid resources reserved for control and/or RS. For efficiency, it can be considered to support dynamic/semi-static indication of mini-slot pattern which can avoid control and RS of slot-based transmission. However, depending on the application (e.g. URLLC), this approach could increase service latency of mini-slot-based transmission. Generally for URLLC, it is natural to consider control channel is monitored in every mini-slot as a basic unit. Also, mini-slot structure will determine the location of RS, control channel mapping, and data rate matching. In this sense, structured mini-slot pattern would be beneficial where the pattern can be dynamically/semi-statically configured to allow efficient multiplexing with slot based scheduling. 

Observation 1: It is necessary to investigate whether or how to protect certain signals (e.g. control or RS) of slot-based transmission from mini-slot insertion. 

Proposal 1: Support dynamic or semi-static indication of mini-slot pattern to avoid/protect certain signals of slot-based transmission. FFS on signals of slot-based transmission to be protected. 

Regarding other applications requirements such as mm-wave or unlicensed bands, the different set of time duration of mini-slot and numerology could be supported. To express partial subframe as in LAA in LTE specification in terms of mini-slot, it seems necessary to support a variety of mini-slot pattern with different number of constituent symbols, starting position, and ending position. Furthermore, depending on the channel assessment status, mini-slot pattern needs to be dynamically changeable at least for unlicensed band transmission. If control is associated with each mini-slot in such use cases, if mini-slot can be placed in any OFDM symbol, it means that the UE may need to monitor control channel in every OFDM symbol which can be very inefficient. As discussed in our companion contribution [2], we consider that control for mini-slot transmission in mmWave/wideband may not be in the beginning of the mini-slot for less UE complexity, or further restrictions in control channel monitoring would be necessary. 
Observation 2: It is necessary to investigate whether or how to support variable mini-slot pattern within a slot including the number of constituent symbols and numerology. FFS on other factors to be considered. 
2.2. Alternatives of mini-slot frame structure for URLLC
Depending on the target application and the target requirements, the transmission time duration for mini-slot can be various. In case of URLLC with latency requirement of 0.5 ms, the time duration of mini-slot would be at most 2 symbols when subcarrier spacing is 15 kHz. The transmission time duration for mini-slot could be changed based on subcarrier spacing and the number of symbols within a mini-slot. Though numerologies for slot can be also considered for mini-slot, we focus the case where 15/30 kHz NCP eMBB and 15/30/60 kHz NCP/ECP URLLC multiplexing. Among possible options, based on CP length and performance [3], we consider followings alternatives of mini-slot structure at least for URLLC can be considered: 
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Figure 1: Examples of mini-slot structure for URLLC.
· Option 1: Two OFDM symbols with normal CP with 15 kHz subcarrier spacing,
· Option 2: Four OFDM symbols with normal CP with 30 kHz subcarrier spacing,

· Option 3: Six OFDM symbols with extended CP with 60 kHz subcarrier spacing.
Basically, it can be considered that the subcarrier spacing for mini-slot is no less than that of slot to have smaller symbol length of mini-slot compared to slot. It would be beneficial for the case where mini-slot-based transmission try to preempt the ongoing slot-based transmission. Furthermore, considering multiplexing with slot and mini-slot, possible candidates of mini-slot pattern would be different depending on the slot pattern considering symbol-level alignment and the slot-boundary alignment. 
When subcarrier spacing for mini-slot and slot are set to be the same value, network can support a variety of applications and requirements by modifying the number of symbols within a mini-slot. For instance, when subcarrier spacing for eMBB is set to be 15 kHz, Option 1 simply can support URLLC service. However, depending on the application (e.g. delay-sensitivity URLLC), Option 1 could be inefficient due to high control/RS overhead and large symbol duration. 
To decode data (e.g. PDSCH), UE needs to successfully detect its associated control. Next, channel estimation for data will be performed after (DM-)RS reception. In this case, control and RS needs to be transmitted in the beginning of mini-slot as much as possible. If DCI (and data) will be mapped on first symbol in a mini-slot, the starting time of control decoding will be at 0.14 ms in Option 1 and 0.07 ms in Option 2. In the perspective of URLLC, since the target latency will be the 0.5 ms, the timing difference of 0.07 ms would not be marginal. Also, if there more OFDM symbols in a given duration with higher subcarrier spacing, processing time on data decoding can be reduced by multiple CB transmissions. Though there are some components (such as frame alignment latency) which may not be reduced even with shorter OFDM symbol durations, generally having shorter OFDM symbol durations would allow processing time reduction as it reduces the time to read control, RS, and data and allow fast starting of decoding/channel estimation processes. 
Observation 3: Increasing subcarrier spacing for mini-slot would be beneficial in processing time reduction. 
However it is noted that mini-slot and slot multiplexing based on the same numerology offers many benefits in terms of multiplexing of slot and mini-slot, particularly when UE supports both slot and mini-slot. Also, the supported numerology can be different per UE. In this sense, we consider that Option 1 should be supported as agreed. When same subcarrier spacing is used, we do not see strong motivation to support different CP length at least for downlink. For uplink, when grant-free operation is considered, further consideration may be necessary. 

Proposal 2: It is necessary to support the case where slot and mini-slot assume same numerology for both downlink and uplink. FFS whether to additionally support different CP overhead with the same subcarrier spacing for uplink. 
In addition, different numerology for mini-slot should be supported as agreed. For instance, in Option 2, the number of symbols within a mini-slot will be four rather than two to have time duration of 2 slot-OS. In the meanwhile, the number of subcarriers over system bandwidth and CP length will be reduced compared to Option 1. Considering target maximum delay spread, introducing extended CP can be considered. In this case, the number of symbols within a mini-slot could be increases sub-linearly in the proportional to subcarrier spacing of mini-slot. In case of Option 3, the number of symbols within a mini-slot of 2 slot-OS duration is set to be 6 rather than 8 to have larger CP length [3]. 
Proposal 3: It is necessary to support the case where slot and mini-slot assume different numerology. At least 15 kHz NCP/30 kHz NCP, 15 kHz NCP/60 kHz ECP for eMBB/URLLC are supported. 
3. Conclusion
In this contribution, we discuss how to design mini-slot frame structure considering coexistence between slot and mini-slot. Our proposals are summarized as follows: 
Observation 1: It is necessary to investigate whether or how to protect certain signals (e.g. control or RS) of slot-based transmission from mini-slot insertion. 

Observation 2: It is necessary to investigate whether or how to support variable mini-slot pattern within a slot including the number of constituent symbols and numerology. FFS on other factors to be considered. 
Observation 3: Increasing subcarrier spacing for mini-slot would be beneficial in processing time reduction. 
Proposal 1: Support dynamic or semi-static indication of mini-slot pattern to avoid/protect certain signals of slot-based transmission. FFS on signals of slot-based transmission to be protected. 

Proposal 2: It is necessary to support the case where slot and mini-slot assume same numerology for both downlink and uplink. FFS whether to additionally support different CP overhead with the same subcarrier spacing for uplink. 
Proposal 3: It is necessary to support the case where slot and mini-slot assume different numerology. At least 15 kHz NCP/30 kHz NCP, 15 kHz NCP/60 kHz ECP for eMBB/URLLC are supported. 
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