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1. Introduction
At the RAN1 #87 meeting, some agreements related to mini-slot were made as following [1]. 
	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 

Agreements:
· At least some reserved resources are indicated by using at least RRC signaling

Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design

Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic

Agreements:
· Asynchronous and adaptive HARQ is supported for DL.



Currently, the WI on “shortened TTI and processing time for LTE” is ongoing which can be a good reference for designing NR mini-slot for latency reduction. In this contribution, an overview of LTE shortened-TTI (sTTI) will be provided firstly, then our views on some design aspects of mini-slot for latency reduction will be proposed. Our views on mini-slot designs for analog beam-forming system can be found in our companion contribution [2].
2. Overview of LTE shortened-TTI  
LTE sTTI is used to reduce the user plane latency for TCP slow start phase and improve overall system throughput. In addition, the WID of LTE shortened-TTI describes “targeting the lowest delays is also essential for the 5G requirements on latency [3], which are in reach of LTE [4].” In the following, structures, channels and related RS design for the supported sTTI length, and UE procedures for LTE sTTI are introduced, respectively.  
2.1. Structures for LTE sTTI
It is obvious that the LTE sTTI numerology adopts existing numerology that the SCS is 15kHz. Regarding the supported CP length for sTTI operation, it was agreed in the RAN1#86bis meeting [4] that sTTI is not configured with extended CP (ECP) since the maximum TA for sTTI operation with processing time reduction will be reduced and hence, scenarios with high delay spread, e.g., large rural cells, are not appropriate for sTTI operation. In addition, it was agreed not to optimize sTTI design for bandwidth N_PRB <= 10 considering large overhead needed to support the sTTI with the smallest system bandwidth.
Based on the Frame structure (FS) type, different sTTI lengths are defined. In case of FS1, the supported sTTI lengths for DL transmission are 2 and 7 symbols; while for UL transmission, the supported sTTI lengths are 2, 4 (if not precluded) and 7 symbols. In case of FS2, the supported sTTI length for both DL and UL transmission is the same, which is 7 symbols. 
Prior to detailed channel and related RS design for LTE sTTI, one fundamental aspect that was determined is sTTI layout in DL and UL for each length. For 7-symbol sTTI pattern in DL and UL, it is straightforward to apply (7,7) structures within one subframe. 
For 2-symbol sTTI pattern in DL, following factors have impact on the 2-symbol sTTI layout structure [5].
· Orphan symbol sTTI
· Support of distributed resource block allocation together with sTTI operation
· Slot based sTTI operation together with 2 symbol sTTI operation
· CSI-IM
· Varying number of shortened TTI within a subframe across subframes
· PCFICH detection error
· HARQ timing
· Achievable minimum HARQ/scheduling timing with varying sTTI length
· UL sTTI structure
· Other aspects can also be considered
As a result, two patterns (3,2,2,2,2,3) and (2,3,2,2,2,3) for 2-symbol DL sTTI in OFDM symbols per subframe are supported as shown in Fig.1. According to whether the carrier is cross-carrier scheduled or self-carrier scheduled, either pattern 1 or pattern 2 can be configured by RRC or indicated by PCFICH.
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Fig. 1: 2-symbols DL sTTI layout structure in LTE
For 2-symbol sTTI pattern in UL, down-select the patterns for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3) will be planned for the next RAN1 meeting. Since DL sTTI pattern already has (3,2,2,2,2,3) structure, it is preferable that UL 2-symbol sTTI pattern is also (3,2,2,2,2,3) to match DL sTTI pattern. 
In summary, for both DL and UL sTTI structure, the start position for one sTTI cannot be any symbol, it is fixed or limited. In addition, to improve multiplexing efficiency between 2/7-symbol sTTI and 14/7-symbol (s)TTI with intra-TTI frequency hopping, one sTTI does not allow to span across slot boundary. These restrictions come from the target that different lengths of sTTIs/TTI can be multiplexed in the same subframe in the same carrier in an efficient manner.
2.2. Channels and related RS design for LTE sTTI
On top of the defined sTTI structures, DL/UL control/data channels and related RS can be designed.
2.2.1. Shortened PDCCH (sPDCCH) and related RS
For sPDCCH, QPSK and TBCC coding are used. It was agreed that sPDCCH is transmitted from the first OFDM symbol within an sTTI and both CRS- and DMRS-based demodulations for a sPDCCH are supported. For CRS-based sPDCCH, existing CRS on antenna port #0-#3 can be reused. For DMRS-based sPDCCH, new design is needed. Besides, there is a discussion on possibility of shared DMRS between sPDCCH and sPDSCH to reduce the overhead. The number of OFDM symbols on which one sPDCCH can occupy has not been determined yet. 
For 7-symbol sTTI in the first slot sTTI within a subframe, sDCI is transmitted by the legacy PDCCH; while for the second slot sTTI, sDCI is transmitted by a sPDCCH. The number of symbols for a sPDCCH in the second slot sTTI can more than 2. Whether the number is fixed or dynamic needs to take the control overhead and scheduling flexibility into consideration. 
For 2-symbol sTTI, smaller number of sPDCCH symbols is more essential. Furthermore, RS overhead saving is important. Considering that CRS is already/always there while DMRS needs to be added, the number of symbols for sPDCCH can be determined based on whether the RS for demodulation is CRS or DMRS. For example, for CRS based sPDCCH, the number of symbols for sPDCCH can be 1, while for DMRS based sPDCCH, it can be 1 or 2.
2.2.2. Shortened PUCCH (sPUCCH) and related RS
For sPUCCH in 7-symbol sTTI, existing PUCCH formats e.g. PUCCH format 1/1a/1b, PUCCH format 2/2a/2b and PUCCH format 3/4/5 provide good reference. DMRS based demodulation can be used.
For sPUCCH in 2-symbol sTTI, sequence based sPUCCH design [6] e.g. different information can be carried by DMRS using different cyclic shifts or multiplexing DMRS and UCI data into different SC-FDMA symbols or within an OFDM symbol in a sTTI are on the table. 
For both 2-symbol and 7-symbol sPUCCH, higher SNR for achieving the target BER/BLER is required compared to 14-symbol PUCCH. Therefore, it is beneficial to support diversity mechanisms as much as possible for sPUCCH such as intra-TTI frequency-hopping and/or transmit antenna diversity.
2.2.3. Shortened PDSCH (sPDSCH) and related RS
For DL sTTI transmission, it was agreed to support both CRS based TMs and DMRS based TMs. For CRS based TM, existing CRS port #0-#3 can be re-used to support the maximum number of 4-layer transmissions for both 2-symbol and 7-symbol sPDSCH.
For DMRS based TM, it is beneficial to place DMRS in the earlier symbol(s) of one sTTI while avoiding the collision with CRS REs and legacy PDCCH REs. The maximum number of supported layers will be down-selected among 2, 4 and 8 which can be achieved by CDM the DMRS in either time and/or frequency domain. 
2.2.4. Shortened PUSCH (sPUSCH) and related RS
For sPUSCH in 7-symbol and 4-symbol sTTI, the agreed structure per subframe is 7/7-symbol sTTI and 4/4/4/4-symbol sTTI respectively. In addition, it was agreed that the DMRS is placed at the current positions for both 7-symbol and 4-symbol sPUSCH. As shown in Fig. 2, for 7-symbol sTTI, the DMRS is self-contained in each sPUSCH, while for 4-symbol sTTI, the DMRS is shared between the two consecutive sTTIs. DMRS sharing/multiplexing mechanism is under the discussion and can be categorized into CDM, FDM and hybrid thereof.
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Fig. 2 Structure and DMRS for 7-symbol and 4-symbol sPUSCH
More efforts are needed for sPUSCH in 2-symbol sTTI. It was agreed that the data symbol(s) for a 2-symbol sPUSCH are confined within a sTTI. To reduce the DMRS overhead, DMRS can be shared/multiplexed by multiple TTIs. The UL DMRS can be positioned before or within the associated sTTI and the UL grant can indicate the presence (if any) and the position of the UL DMRS. Besides above DMRS sharing/multiplexing mechanism, following aspects need more discussion:
· Indication of UL DMRS position needs to consider the UL grant miss-detection issue which results in decoding error for consecutive sTTIs sharing the same DMRS.
· The delay between the split DMRS and sPUSCH transmission needs to be defined which depends on the time needed for UL grant decoding and DMRS preparation.
· Suitable ON/OFF time mask need to be defined for 2-symbol sTTI pattern to reduce the negative impacts on the demodulation performance of the sPUSCH and sPUCCH/PUSCH/PUCCH if simultaneous transmission is supported.
2.3. UE procedure for LTE sTTI
Following procedures are expected for UE configured with sTTI operation.
· Support dynamic switching of TTI length at least between configured sTTI and 1ms TTI.
Dynamic switching of TTI length is an essential function for sTTI operation. To support sTTI and fast processing time, some restrictions on the supported MIMO layers, TBS, number of carriers and coverage, are unavoidable. sTTI has a significant merit of latency reduction, while from spectral efficiency and coverage point of view, sTTI cannot be comparable to 1ms TTI.
· UE behavior on simultaneous reception and transmission between 1ms TTI and sTTI.
Regarding UE behavior in case of being scheduled with legacy TTI unicast PDSCH and sTTI unicast PDSCH simultaneously on the same carrier, following were agreed [1]:
	Agreements:
· A UE is expected to handle the following cases in the same carrier in a subframe 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

Agreements:
· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH
· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH
· No special consideration is specified for overlapping of sPDSCH and PDSCH
· Otherwise
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH
· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH


It can be expected that similar discussion will be carried out for UE behavior on simultaneous transmission of 1ms PUSCH and sPUSCH on the same carrier.
· Data scheduling/ HARQ-ACK feedback procedures for sTTI.
For 1ms TTI in legacy LTE, a fixed timing for UL grant to UL data and for DL data to DL HARQ is defined. With a sTTI, it was agreed to support the shortened processing time so that DL/UL HARQ/scheduling latency can be well reduced. Then the question is how to define above minimum timing, e.g., n + k sTTI for the case when DL sTTI and UL sTTI have the same or different lengths. To relax the tight requirements for faster processing time especially for very short TTI length e.g. 2-symbol sTTI, it was agreed that the value of k is 4 <= k <= 8, implying that the processing time can be equal to or larger than the legacy processing time linearly downscaled with TTI length. For 7-symbol sTTI, whether to support k < 4 needs further study. In addition, whether k is fixed for a certain short-TTI length or k is configurable depending on UE capability and needed TA is also under discussion.
· sTTI configuration in combination of carrier aggregation (CA).
In case of DL CA, it was agreed that for a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured since less motivation was found to configure different sTTI lengths for different serving cells within the same PUCCH group. In case of UL CA, there is no conclusion yet. While from our perspective, we think per CC configuration of sTTI length is useful not only for spectral efficiency, but also for coverage and for TA difference for multiple TA. 

3. Design aspects of NR mini-slot for latency reduction 
For NR, the target use cases for mini-slots are summarized as following:
· Supporting very low latency for both URLLC and eMBB with tight delay requirements;
· Operation in higher frequency bands e.g. mm-wave bands;
· Operation in unlicensed spectrum where it is desirable to directly start transmissions after a successful LBT. 
In the following, we will focus on the use case of mini-slot for latency reduction. 
3.1. Structures for NR mini-slot for latency reduction
For higher carrier frequency, it is necessary to use higher SCS. In this case, the slot length is already short enough to support low latency services. For example, in case of SCS = 60kHz with 7 symbols or SCS = 120kHz with 14 symbols, the slot length is 0.125ms. For mini-slot used to reduce latency on lower carrier frequency such as sub-6GHz, SCS should also be lower such as 15KHz. In this case, mini-slot should have smaller number of symbols to shortening TTI. The slot length can be seen as normal TTI and mini-slot can be seen as shortened TTI which is analogous to the current ongoing LTE sTTI WI.
It was agreed in the last meeting that the length for mini-slot can be from 2 to slot length - 1, while FFS whether mini-slot with length 1 symbol can be supported below 6 GHz. Considering the required latency, if the design complexity/efforts is expected to be very high, it may not be necessary to support all mini-slot lengths such as from 1 to slot length - 1. Regarding to the start position of mini-slot, the position should not be collided with the control region and RS for slot-based transmission/operation. For mini-slot alignment, efficient multiplexing between slot and mini-slot and between mini-slots with different lengths is preferred. Therefore, when the designs for slot-level operation (e.g., RS position, frequency-hopping, PDCCH region) are clearer, the length, position and alignment for mini-slot can be concluded. Designing mini-slot such that it can start/end at any OFDM symbol and can span over any number of OFDM symbols could be one option, but it would be excess if in the future, it appears it is not possible to allow mini-slot spanning at a certain timing in a given slot. 

Proposal 1:
· Take into account slot-level design/operation for mini-slot design/operation.
· The length, position and alignment of mini-slot operation for latency reduction can be concluded after identifying slot-level designs further. 
3.2. Channels and related RS design for NR mini-slot for latency reduction
The main design consideration on channels and related RS for mini-slot is to reduce the latency while improve the spectral efficiency as much as possible. To realize this, control channels and related DMRS should be contained in each mini-slot to achieve fast scheduling/HARQ-ACK feedback. The location of the DCI should be in the first OFDM symbol(s), as illustrated in Fig. 3 as an example. Whether DCI located on control resource in the slot can schedule mini-slot data needs further study. In addition, to reduce overhead, DMRS sharing/multiplexing for multiple mini-slots and resource sharing between control and data should be considered. 
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Fig. 3.	An example of mini-slot structure suitable for latency reduction

3.3. UE procedure for NR mini-slot for latency reduction
Similar to LTE sTTI discussion, UE configured with mini-slot for latency reduction should be assumed to be configured with slot-level operation on the carrier simultaneously. In other words, at least phase I, no stand-alone mini-slot operation is considered. The functions such as initial-access, mobility, idle mode, etc, should be provided by using slot-level mechanisms. In addition, data scheduling and HARQ-ACK feedback of a mini-slot can be done in the same way as for a slot; flexible timing should be supported and explicitly indicated in the DCI.  

Proposal 2:
· Take into account LTE sTTI for the design of mini-slot for latency reduction.
· Control channels and DMRS for a data in a mini-slot should be contained in the given mini-slot to achieve fast decoding/scheduling/HARQ-ACK feedback.
· UE configured with mini-slot for latency reduction is assumed to be configured with slot-level operation.
· Mini-slot configuration is provided by RRC signalling.
· No stand-alone operation only by mini-slot is considered.

4. Conclusion
In this contribution, we review the progress of shortened TTI and processing time for LTE, then present our views on some design aspects of mini-slot for latency reduction and proposed the following:
Proposal 1:
· Take into account slot-level design/operation for mini-slot design/operation.
· The length, position and alignment of mini-slot operation for latency reduction can be concluded after identifying slot-level designs further. 
Proposal 2:
· Take into account LTE sTTI for the design of mini-slot for latency reduction.
· Control channels and DMRS for a data in a mini-slot should be contained in the given mini-slot to achieve fast decoding/scheduling/HARQ-ACK feedback.
· UE configured with mini-slot for latency reduction is assumed to be configured with slot-level operation.
· Mini-slot configuration is provided by RRC signalling.
· No stand-alone operation only by mini-slot is considered.
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