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1. Introduction
One of the use-cases of NR mini-slot is to make better use of analog beam-forming system. Analog beam-forming is useful to make good coverage/SINR with a reasonable cost increase for higher carrier frequency, while cannot form multiple beams at one time. Considering that carriers needing analog beam-forming are usually very high such as > 6GHz and very wide such as >= 100MHz, it is important to make sure that UEs can be TDMed with sufficiently high resolution. For this purpose, at the RAN1#87 meeting, it was agreed to support mini-slot of length 1 symbol for above 6GHz (note: mini-slot of lengths 2 ~ slot length – 1 were agreed for any cases). 
In this contribution, we show some views on mini-slot designs for analog beam-forming system. The mini-slot aspects for latency reduction are discussed in our companion paper [1].

2. Design aspects of NR mini-slot for analog beam-forming system
As described in the introduction above, the main motivation of using mini-slot for this usage is not to reduce latency, but to increase TDM granularity of user data scheduling. For example, in case of SCS = 60kHz with 7 symbols or SCS = 120kHz with 14 symbols, the slot length is 0.125ms, which is already short enough. Note that 2-symbol mini-slot for SCS = 15kHz has the duration of around0.14ms.
Therefore, scheduling/HARQ mechanisms can mostly reuse slot mechanisms, while data spans partial of one slot. This addresses various open issues, e.g., multiplexing b/w control/RS and data in different (including 1-symbol) length of mini-slots, necessary gNB/UE processing time, determination of HARQ RTT, etc, for the mini-slot usage for analog beam-forming system. Overall descriptions are given below and illustrated in Fig. 1. 
· DCI for mini-slot data is transmitted by DL control channel, which is mapped at the beginning of a slot.
· UCI for mini-slot data is transmitted by UL control channel, which is mapped at the end of a slot or spans over an entire UL part of a slot.
· Scheduled data spans over one mini-slot in a given slot.
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(a) One beam/UE per slot.
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(b) Two beams/UEs per slot.
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(c) Three beams/UEs per slot.
Fig. 1.	An example of mini-slot structure suitable for analog beam-forming.

Proposal 1:
· Mini-slot operation for analog beam-forming is realized by following:
· DCI is transmitted on DL control channel which is mapped at the beginning of a slot.
· UCI is transmitted on UL control channel which is mapped at the end of a slot.
· At least UL control channel in short-duration is applicable.
· FFS: application of UL control channel in long-duration.
· Scheduled data spans over one mini-slot in given slot.

2.1. Structures for NR mini-slot for analog beam-forming system
Depending on the number of data TDMed within a given slot, mini-slot length for data varies. Furthermore, number of symbols for DL/UL control channels could also vary. Therefore, starting position and length of a mini-slot for data transmission should be flexible enough. According to RAN1#87 agreement, mini-slot for above 6GHz can start at any OFDM symbol and can have lengths from 1 to slot length – 1. 
Considering that the control channel and scheduling/HARQ related timing follows slot-based operation, it is easier to make sure that a mini-slot ends at the end of the slot at latest. 
Proposal 2:
· Mini-slot operation for analog beam-forming has the following properties:
· Mini-slot can start at any OFDM symbol and can span 1 ~ slot length – 1 symbols.
· Mini-slot start in a slot cannot across the slot boundary.

2.2. Channels and related RS design for NR mini-slot for analog beam-forming system
As described above, DL and UL control channels for slot operation can be re-used for mini-slot for analog beam-forming system for any data mini-slot lengths since the control channels are decoupled from data mini-slot structure. 
RS for demodulating data in a mini-slot needs to be contained in the same mini-slot duration since the RS for demodulation shall be beam-formed in the same way as for data. Considering that data mini-slot can be 1 symbol duration, RS for data mini-slot should also be designed to be applicable for 1 symbol duration. The RS for mini-slot having 1 symbol duration should be reusable for longer lengths mini-slots. 
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Fig. 2.	Common RS for mini-slots having different lengths.

Additional RS would be necessary for the following cases:
· Higher order MIMO is used. It would be restrictive to support higher order MIMO (e.g., more than 2 layers) by the DMRS assuming 1 symbol mini-slot due to its high overhead. Therefore, it is possible to design RS such that RS for basic layers are mapped at the first symbol for any lengths of a given mini-slot, while RS for other layers are additionally mapped for a certain length of a given mini-slot. Depending on which mini-slot length is used/scheduled, maximum number of layers is determined.
· Channel tracking is necessary. Doppler frequency scales-up linearly with the carrier frequency. By scaling-up the SCS, impact of channel variation can be mitigated. However, if it appears that the Doppler degrades the performance, additional RS should be mapped at the middle of a mini-slot. Considering that short mini-slot would not be problematic, depending on which mini-slot length is used, the additional RS mapping is determined.
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(a) Additional RS for higher-order MIMO			(b) Additional RS for channel tracking
Fig. 3.	Additional RS for mini-slots having different lengths.

Proposal 3:
· Mini-slot operation for analog beam-forming is based on the following channel/RS structures:
· DL/UL control channels for slot operation is re-used for mini-slot.
· Control channels are decoupled from data mini-slot structure.
· RS for demodulation is designed such that it is applicable to mini-slot having 1 symbol duration.
· FFS: whether/how many additional RS for demodulation is necessary when the mini-slot is longer. 
· Additional RS for certain lengths of mini-slot is introduced to support following cases:
· Higher-order MIMO
· Channel tracking

2.3. UE procedure for NR mini-slot for analog beam-forming system
Based on the mini-slot structure and control channel/RS designs, following can follow slot-level operation:
· DCI monitoring occasions
· HARQ RTT
· UL-DL switching periodicity/frequency
On the other hand, the UE needs to know from which symbol the data starts and at which symbol it ends. From flexibility point of view, it is better to indicate the information by the scheduling DCI. However, some implication can be considered to avoid too much DCI overhead increase. One possibility is to reduce resource allocation granularity in frequency-domain. Compared to lower carrier frequency with digital beam-forming, the FDM granularity can be reduced for analog beam-forming system.
Proposal 4:
· Mini-slot operation for analog beam-forming is realized by the following UE behaviors:
· DCI monitoring occasions, HARQ RTT, UL-DL switching periodicity/frequency, are the same as slot-level.
· Data starting position and length are indicated by the scheduling DCI.
· FFS implicit information to avoid DCI overhead increase.
· FFS overhead increase; if problematic, consider to reduce frequency-domain resource allocation granularity.

3. Conclusion
In this contribution, we presented our views on how to design mini-slots for analog beam-forming system, and proposed following: 
Proposal 1:
· Mini-slot operation for analog beam-forming is realized by following:
· DCI is transmitted on DL control channel which is mapped at the beginning of a slot.
· UCI is transmitted on UL control channel which is mapped at the end of a slot.
· At least UL control channel in short-duration is applicable.
· FFS: application of UL control channel in long-duration.
· Scheduled data spans over one mini-slot in given slot.
Proposal 2:
· Mini-slot operation for analog beam-forming has the following properties:
· Mini-slot can start at any OFDM symbol and can span 1 ~ slot length – 1 symbols.
· Mini-slot start in a slot cannot across the slot boundary.
Proposal 3:
· Mini-slot operation for analog beam-forming is based on the following channel/RS structures:
· DL/UL control channels for slot operation is re-used for mini-slot.
· Control channels are decoupled from data mini-slot structure.
· RS for demodulation is designed such that it is applicable to mini-slot having 1 symbol duration.
· FFS: whether/how many additional RS for demodulation is necessary when the mini-slot is longer. 
· Additional RS for certain lengths of mini-slot is introduced to support following cases:
· Higher-order MIMO
· Channel tracking
Proposal 4:
· Mini-slot operation for analog beam-forming is realized by the following UE behaviors:
· DCI monitoring occasions, HARQ RTT, UL-DL switching periodicity/frequency, are the same as slot-level.
· Data starting position and length are indicated by the scheduling DCI.
· FFS implicit information to avoid DCI overhead increase.
· FFS overhead increase; if problematic, consider to reduce frequency-domain resource allocation granularity.
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