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1 Introduction

The following were agreed in RAN1#89 for carrier aggregation (CA) in NR.
Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 

· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH

· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 

· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 

· FFS: impact on maximum number of HARQ processes 

· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers

· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N

· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
In addition, a design for the SR mechanism in NR was agreed in RAN2#98 as follow

Agreement:
· Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.

· From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.

· RAN2 does not see the need to convey buffer status information.

· Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR.
This contribution considers aspects of procedures for grant-based UL transmission.

2 Discussion
SR-based UL transmission
As in LTE, a SR transmission will be triggered when a uplink resource amount for transmitting BSR is not available at the UE. For the UE configured with multiple SR configurations, the UE may select one of configurations that correspond to the required numerology/TTI type and transmit the SR to a gNB.  Once a gNB receives the SR, the gNB is able to know which numerology/TTI type is required for the UE. Then the gNB will schedule PUSCH according to UE request.
Proposal 1: For grant-based UL transmission, a single-bit SR with multiple configurations can be used to indicate the required numerology/TTI type for UL transmission.
Combination of scheduling cell
In LTE, a scheduling cell of downlink and uplink transmission is common. In Rel-14 eLAA, cross-carrier scheduling can apply only to uplink transmission while self-scheduling is used for downlink transmission. The motivation to introduce such a new DL/UL scheduling combination is mainly for increasing channel access opportunities and minimizing control channel overhead in a scheduling cell. For eLAA with self-scheduling, two LBT are required for a single UL transmission. That is first the eNB performs a downlink LBT procedure for an LAA SCell to send the UL grant to the UE, and if the LBT is successful, the UE performs an uplink LBT procedure before the scheduled PUSCH transmission, which would result in reduced UL channel access opportunity. In case of cross-carrier scheduling case, although only a single uplink LBT is required for a PUSCH transmission, significant control channel overhead in the scheduling cell (e.g. licensed cell) was expected because LAA SCell could not schedule another unlicensed carrier or licensed carrier. To resolve those issues, the new scheduling combination (i.e. DL: self-scheduling, UL: cross-carrier scheduling) was introduced in Rel-14 eLAA WI.
In NR, various deployment scenarios have been considered (e.g. NR CA, LTE-NR DC, LTE-NR UL sharing, NR unlicensed, etc), which may include the cases that one of numerologies for downlink, uplink, scheduling cell, serving cell are different. Therefore, it may be beneficial to consider various scheduling options including the case where scheduling cell of downlink and uplink is different. 

Proposal 2: Consider various scheduling options including the case where uplink scheduling cell is different from that for downlink.
Timing for PUSCH transmission
For a UE configured with more than one different numerology and more than one serving cells, it can be possible that a cell on a higher carrier frequency (short TTI) is scheduled by another cell on a lower carrier frequency (larger TTI), for example to improve PDCCH robustness due to smaller path-loss. Note that scheduling from a higher carrier frequency to a lower carrier frequency requires further discussion for a use case as even the support of LTE-NR coexistence on same UL does not mandate that the DL carrier frequency for NR needs to use different numerology (i.e. DL carrier frequency for NR is on a mmWave band). 

Whether a same or different numerology is used in different carriers can be agnostic for the scheduling operation in NR given that a UE can be configured a PDCCH monitoring period per CORESET that is an arbitrary number of OFDM symbols and that the starting symbol and duration of a PDSCH transmission or a PUSCH transmission can be indicated in the DCI format. For example, for cross-carrier scheduling from a carrier with lower frequency to a carrier with higher frequency, a UE can be configured respective CORESETs with monitoring period corresponding to the slot duration on the carrier with higher frequency. Multi-TB scheduling can also apply. 

Observation: In general, cross-carrier scheduling can be supported under the general NR scheduling framework. 

Multi-slot scheduling for PUSCH
Control signalling overhead for scheduling can be reduced from multi-slot scheduling. The conceivable options for multi-slot scheduling are as follow:

Option 1: Single scheduling grant in a slot schedules N (N(1) Transport Block (TB) transmissions in N slots (i.e. an independent transport block per slot)

· Each TB is mapped on each slot and associated with its own HARQ process.

· N HARQ-ACKs are feedbacked in response to N TBs unless HARQ-ACK bundling is configured.

· LTE eLAA adopted option 1 as a multi-subframe scheduling operation.

Option 2: Single scheduling grant in a slot schedules the same Transport Block (TB) transmissions in N slots (i.e. same transport block with RV change in each slot)
· The same TB is mapped on each slot possibly with varying redundancy version (RV)

· The TB (i.e. the same across N slots) is associated with a single HARQ process. 

· A single HARQ-ACK is feedbacked in response to the TB.

· LTE TTI bundling and eMTC work in accordance with option 2. That is, the coverage extension would be the main benefit of option 2.

Option 3: Single scheduling grant in a slot schedules a single Transport Block (TB) transmission in N slots (i.e. a single transport block across N slots)

· The TB is mapped across N slots and associated with a single HARQ process.

· The TBS is relatively larger in proportion to the number of aggregated slots.

· A single HARQ-ACK is feedbacked in response to the TB.

When a UE has large amount of data, the option 1 is beneficial to minimize control channel overhead because multiple TBs can be scheduled by a single UL grant. Note that in this option there is a trade-off between signalling overhead reduction and scheduling flexibility. For flexible scheduling, every control field (e.g., resource allocation, MCS, HARQ information, etc.) can be slot-specific, which results in DCI overhead. Otherwise, as in LTE eLAA, a UL grant-specific control field (e.g., the same resource allocation and MCS are applied for all scheduled slots) can be considered. For coverage extension, the option 2 can be used. Note that option 2 was already agree to support in NR. 
Compare to option 1 and 2, additional specification efforts and implementation complexities at gNB/UE side are expected for option3 while potential benefits from option 3 are not clear. For example, the supportable TBS of option 3 would differ from other options. In other words, option 1 and 2 can support the same TBS as of the case without multi-slot scheduling. However, option 3 would require larger TBS with respect to the number of scheduled slots. In addition, for decoding of a TB across multiple slots, gNB may have additional decoding and/or channel estimation capability to decode a TB, which may increase implementation complexity.
Proposal 3: NR should not support the case that a TB is mapped across multiple slots
3 Conclusions 

This contribution considers aspects of procedures for grant-based UL transmission and proposes the following based on the discussion.
Proposal 1: For grant-based UL transmission, a single-bit SR with multiple configurations can be used to indicate the required numerology/TTI type for UL transmission.

Proposal 2: Consider whether uplink scheduling cell can be different from a scheduling cell for downlink

Proposal 3: NR should not support the case that a TB is mapped across multiple slots
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