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1. Introduction

In the R15 NR standardization, it was the general understanding that the NR PHY layer will not use the explicit terminology of URLLC or eMBB. As the first release of NR specifications, R15 should enable a general gNB and UE implementation supporting eMBB and URLLC services. However, if the R16 SI aims to study the further PHY enhancements on reliability and/or latency, some enhancements on resource allocation should also be studied.
In the R15 standardization, an argument not differentiating resource allocation for eMBB and URLLC is that the same latency target, e.g. 0.5ms should be required for both eMBB and URLLC. However, considering the scheduling complexity in multi-user scenario, it is not sufficient if the 0.5ms target can only be met in the perfect condition. If considering the eMBB/URLLC multiplexing scenario, the R15 resource allocation needs to further improved to guarantee the latency performance. 
2. Enhancements for low-latency
To simplify the R15 NR equipment and device implementation, R15 specification adopted a relative simple design, but meanwhile constrained the system flexibility and efficiency. R16 can study the following potential enhancements:

2.1. Support 1-14 symbols PDSCH duration
In R15, 1-14 symbols are supported for PUSCH duration, but only 2, 4, 7 symbols are specified for PDSCH. The asymmetry should be fixed in R16, at least for URLLC enhancements. Refining the resoure allocation granularity is helpful for low-latency PDSCH transmission.
2.2. Support PDSCH/PUSCH starting symbol indication relative to PDCCH

In R15, the starting symbol of PDSCH is always indicated relative to start of slot. But at least in case of K0=0, allowing PDSCH starting point to be indicated relative to PDCCH will enable a faster PDSCH transmission, e.g. alway enabling PDSCH to start from end of PDCCH. Adding the new indication type will not lead to a DCI overhead increase, but only allow gNB to configured some new SLIV settings in the pdsch-AllocationList.
As depicted in Fig.1, since the number of rows in the configured SLIV table is very limited (only 16 rows), the number of configurable candidates of starting symbol is also very limited. Suppose 4 candidate symbols in a slot are configured in the table, since the position of PDCCH is unpredictable, the 4 positions can only be configured in uniformly-distributed manner, e.g. every 4 symbols. However, the PDCCH can be present in any position in the slot. In some cases, the first available starting symbol is not close to the PDCCH, thus the low-latency PDSCH scheduling is not enabled.
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Fig.1: If candidate starting symbol is configured relative to slot boundary, low-latency PDSCH scheduling is not supported in some cases.

Indicating the starting symbol relative to the scheduling PDCCH provides an obvious advantage in low-latency PDSCH scheduling. As depicted in Fig.2, some candidate starting symbols can be configured right after the scheduling PDCCH if a low-latency PDSCH scheduling is desired by gNB. Hence when PDCCH(PDSCH offset is smaller than a slot, indicating the starting symbol relative to the scheduling PDCCH is preferred. If the PDCCH(PDSCH offset is over a slot (cross-slot scheduling), indicating the starting symbol relative to start of slot is a better solution.
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Fig.2: If candidate starting symbol is configured relative to PDCCH, low-latency PDSCH scheduling is always supported.
The above analysis is for PDSCH. However, in a FDD system, it is also applicable for PUSCH. In this case, indicating the starting symbol of PUSCH relative to PDCCH in case K2=0 can substantially reduce the scheduling latency of PUSCH.
2.3. Support PDSCH/PUSCH duration across slot boundary

In R15, a simplified design is adopted that the PDSCH/PUSCH always terminates at the end of the slot. But if the PDSCH/PUSCH starts from the last several symbols in the slot. This significantly constrains the PDSCH/PUSCH duration. When the PDSCH/PUSCH needs a longer duration than the number of symbols left in the slot, the PDSCH/PUSCH transmission has to be delayed to the next slot. This leads to an increase of PDSCH/PUSCH transmission latency. R16 specification should remove this constraint, at least for URLLC enhancements.
Proposal 1: The enhancements on DL/UL resource allocation should be studied for URLLC enhancements. 
3. Enhancements on multiplexing between different durations
For multiplexing between eMBB and URLLC traffics, the tool specified in R15 is the DL pre-emption indication (PI). The UL PI will also be studied in R16 SI. However, this is a countermeasure when URLLC UE puncturing eMBB UE has happend. A more efficient approach is to enable a more flexible multiplexing between URLLC and eMBB UEs. 
An enhancement is to support non-contiguous symbols/slots for PDSCH/PUSCH, e.g. indicating symbols in the slot using a bitmap. When gNB envision a possible presense of URLLC service in the slot, the gNB can reserve some symbols for the URLLC service when allocating the eMBB resources (as depicted in Fig.3). When the URLLC traffic arrives, gNB can allocate the reserved symbols for the URLLC traffic (as depicted in Fig.4). On the other espects, this also enable the gNB to fully utilize the fragemented time resource for URLLC service when only some contiguous symbols are left after eMBB resource allocation. Adding the new resource allocation type will not lead to a DCI overhead increase, but only allow gNB to configured some new SLIV settings in the pdsch-AllocationList.
Proposal 2: For more efficient multipleixing between eMBB and URLLC transmissions, non-contiguous symbol allocation in a slot should be supported. 
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Fig.3: Reserving some symbols in the slot when allocating eMBB resource
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Fig.4: Allocating the reserved symbols for the URLLC traffic
4. Multi-slot PDSCH/PUSCH enhancement
Multi-slot repetition is a enhanced technique adopted in R15 NR to improve the transmission robustness, especially in weak coverage scenarios. The multi-slot transmission is an effective approach to improve the tranmission reliability if a URLLC service is not latency-sensitive. Since the DL/UL assignment in NR is more flexible than that in LTE, if the UE cannot determine the applicable slots for UL multi-slot transmission based on DL/UL assignment, the applicability of multi-slot transmission would be highly constrained. In R15 specification, UE can determine the applicable slots for multi-slot PUCCH. But slots allocated for PDSCH/PUSCH conflicting with DL/UL assignment will be omitted. In R16, adopting the determination similar to multi-slot PUCCH should be supported for multi-slot PDSCH/PUSCH.
Proposal 3: More efficient multi-slot PDSCH/PUSCH transmission should be studied for URLLC enhancements.
5. Conclusions
Based on the analysis on some remaining issues for BWP activation, followings are proposed:

Proposal 1: The enhancements on DL/UL resource allocation should be studied for URLLC enhancements.
Proposal 2: For more efficient multipleixing between eMBB and URLLC transmissions, non-contiguous symbol allocation in a slot should be supported.
Proposal 3: More efficient multi-slot PDSCH/PUSCH transmission should be studied for URLLC enhancements.
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