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Introduction

This contribution discusses DL scheduling considerations for URLLC under the NR WI scope. It cover the resource allocation for URLLC, necessary features of DL control channel for supporting URLLC and other candidate schemes for URLLC. General views on how to address those aspects in standardization are given.
Resource allocation for URLLC in mini-slot

Resource allocation for URLLC can be different with that for eMBB. Length of TTI for URLLC is usually shorter than that for eMBB, e.g. slot for eMBB with 14 symbols while mini-slot for URLLC with 2 symbols. Typically, the URLLC will require lower coding rate.  So, the granularity of resource allocation for URLLC can be larger than that for eMBB in order to allocate resource for URLLC traffic more effectively. 
Considering URLLC traffic in mini-slots can be multiplexing with eMBB in same slot, the different resource granularities will results inefficient resource allocation. It is desirable to allow the start position of resource allocation for URLLC can be any RB for improving resources utilization. 

The RBs used for eMBB traffic are allocated flexibility with any number of RBs before URLLC traffic arrived. As shown in Figure 1, if used RBs for eMBB traffic can’t align with boundary of RBG, some RBs can’t be used as the resource allocation for URLLC alwasy aligns with boundary of RBG as in mini-slot #2. As in mini-slot #4, all RBs can be used because resource allocation for URLLC can start at any RB. Moreover, granularity of resource allocation for URLLC can be RBG or multi-RBG in order to reduce signalling overhand. Details for this scheme are described in [1].
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Figure 1 Resource allocation for URLLC and eMBB

Proposal 1: Granularity of resource allocation for shorter transmission duration (URLLC) should be larger than that for longer transmission duration (eMBB). When multiplexing traffic for different transmission duration, resource allocation for shorter transmission duration can start at any RB.
Low latency on scheduling for supporting URLLC
NR-PDCCH aspects

Four candidate options about mapping of NR-PDCCH in time and frequency listed in RAN1 #88 agreements [2]. For simplicity, down-selection should be done, including of the number of supported option(s). Considering the low latency, URLLC should support the first option which has both frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to search space candidate. Either time first mapping of REGs to CCEs or time first mapping of CCEs to search space candidate would impact processing delay of NR-PDCCH. Mini-slot already contains very few of symbols. If time first mapping is benefit for eMBB in some cases, multiple mapping options could be supported for NR and specific one option could be configured in different scenarios. 

DMRS pattern should design in one OFDM symbol which can be used for demodulate NR-PDCCH as soon as possible. Time location of search space is better to be in the first symbol. If two symbols have to be used for NR-PDCCH for URLLC, each candidate in search space is better to not to span two symbols. This would be also beneficial for processing at least for those candidates in the first symbol.

Proposal 2: At least frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to search space candidate should be supported for URLLC. 

Search space for supporting URLLC

Blind detection mechanism of NR-PDCCH for URLLC is expected similar to blind detection for eMBB. For general understanding, lower processing delay would be acquired if the maximum number of blind detection could be reduced. If maximum number of blind detection for URLLC per mini-slot is equal to that of per slot/mini-slot for eMBB, blind detection complexity for URLLC would be same with eMBB. The maximum number of blind detections per mini-slot for URLLC should be reduced in order to limit the processing delay caused by blind detections compared with eMBB. Consequently, the number of candidates and aggregation levels for URLLC UE should be reduced. This can be configured by RRC or further adjustment by additional L1 signalling.

Different aggregation levels could be used depending on different coverage's or channel conditions. One or two aggregation level(s) with predefined number of candidates could be configured for UE in order to reduce maximum number of blind detection. For example, 2 aggregation levels are configured with nest structure, such as aggregation level 2 and 4. Lower aggregation level has 4 candidates and higher aggregation level has 2 candidates. 

Proposal 3: Number of aggregation levels and candidates in search space for URLLC UE should be limited and can be configured. FFS on configuration is by RRC or by additional L1 signaling.

DCI for URLLC

URLLC DCI is also contained in downlink control channel for scheduling UL/DL data channels. Considering URLLC’s property, certain fields in eMBB DCI formats may be reduced or removed. Given DCI contents for NR are still undetermined, high level analysis is listed as below.
Fields for flexible scheduling

According to the discussion on NR scheduling, both DL scheduling and UL scheduling may use dynamic scheduling delay which are indicated by DCI. For URLLC, minimum scheduling delay should be used in order to complete transmission as soon as possible. Thus fields for flexible scheduling could be removed for URLLC.
Fields for complexity transmission mode
Higher peak rate is an important target for eMBB in NR. Thus, advanced MIMO schemes and higher-order modulation will be introduced for eMBB but increase size of DCI. For URLLC, because 99.999% reliability within user plane latency of 1ms is probably for X bytes.  It was defined in simulation study [e.g. X=32, 50, 200]. The peak rate requirement for eMBB may not be applicable to URLLC. The fields such as MCS and MIMO related to eMBB application could be reduced.
Proposal 4: For URLLC, fields for flexible scheduling and complexity transmission mode in eMBB DCI formats could be reduced or removed.
DMRS sharing between NR-PDCCH and PDSCH

From low latency of view, DMRS sharing between NR-PDCCH and scheduled PDSCH is desirable for acquiring results of channel estimation as soon as possible for demodulation of PDSCH. DMRS overhead could be also reduced at least for overlapping frequency location between NR-PDCCH and scheduled PDSCH. Mini-slot would have quite few symbols and the channels are correlated. Overhead of RS is more significant for that short duration. On the other hand, DMRS sharing may impact maximum supported layers of PDSCH which would lead to restriction on usage of some transmission modes. It needs to be further identified with the highest transmission layers suitable for URLLC PDSCH. The DMRS sharing between NR-PDCCH and PDSCH can be considered. Details can be further decided.
Proposal 5: For URLLC, DMRS sharing between NR-PDCCH and PDSCH can be considered.

Repetition for URLLC

HARQ-retransmission scheme used for URLLC in DL is shown as Figure 2 with n+2 TTI process timing assumed. The number of HARQ retransmission within latency requirement of URLLC is restricted by TTI length and process timing. For those UE not capable of self-contain process, the process timing will impact the overall delay.
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Figure 2 HARQ retransmission scheme
HARQ retransmission scheme will be continuously applied for URLLC, at least in case UE and gNB can complete the needed transmissions. However, NR should also consider the case like UE have long processing time, long TTI/slot, worse SNR, etc. 

Time domain repetition is a common solution for reliability improvement. It can be also used for achievement on target of low latency if HARQ-retransmission can’t reach the target due to above reasons.
For eMTC/NB-IoT, PDSCH repetition is after the end of its scheduled PDCCH repetition. This legacy repetition scheme does not address latency issue. In order to transmit successfully as soon as possible, repetition for PDCCH and repetition for PDSCH can be started at the same TTI to meet the higher latency target of URLLC. When ACK is received by gNB, both PDCCH repetition and PDSCH repetition are terminated. When NACK is received by gNB, PDCCH repetition is terminated and PDSCH repetition is continued until ACK is received by gNB. The repetition will not exceed 1ms boundary.

Proposal 6: Repetition mode could be applied with specific considerations of URLLC features and requirements.
Conclusion

According to the analysis given above, we have the following proposals: 

Proposal 1: Granularity of resource allocation for shorter transmission duration (URLLC) should be larger than that for longer transmission duration (eMBB). When multiplexing traffic for different transmission duration, resource allocation for shorter transmission duration can start at any RB.

Proposal 2: At least frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to search space candidate should be supported for URLLC.

Proposal 3: Number of aggregation levels and candidates in search space for URLLC UE should be limited and can be configured. FFS on configuration is by RRC or by additional L1 signaling.

Proposal 4: For URLLC, fields for flexible scheduling and complexity transmission mode in eMBB DCI formats could be reduced or removed.

Proposal 5: For URLLC, DMRS sharing between NR-PDCCH and PDSCH can be considered.

Proposal 6: Repetition mode could be applied with specific considerations of URLLC features and requirements.
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