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1 Introduction

This contribution discusses NR-PDCCH related considerations for URLLC under the NR WI scope. It also cover the resource allocation for URLLC, necessary features of DL control channel for supporting URLLC and other aspects for URLLC. Views on how to address those aspects in standardization are given.
2 Resource allocation for URLLC in shorter transmission duration
Resource allocation for URLLC can be different with that for eMBB when eMBB traffic is transmitted in longer transmission duration. Length of TTI for URLLC is usually shorter than that for eMBB, e.g. longer transmission duration for eMBB with 14 symbols while shorter transmission duration for URLLC with 2 symbols. Typically from perspectives of RA efficiency and reducing overhead of resource allocation, the shorter transmission duration is applied, the larger granularity of resource allocation would be used. 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 shorter transmission duration can be multiplexing with eMBB in same slot, the different resource granularities will results inefficient resource allocation. It is desirable to allow the starting 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 because the resource allocation for URLLC always aligns with boundary of RBG as in Shorter Transmission Duration (STD) #2. As in STD #4, resource allocation for URLLC can start at any RB, so more RBs can be used and resource utilization is higher. Moreover, granularity of resource allocation for URLLC can be multi-RBG in order to reduce signalling overhand further. 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.
3 NR-PDCCH for supporting URLLC

3.1 low latency aspects
3.1.1 NR-PDCCH structure
Time first mapping of REGs to CCEs for more than one symbol is agreed in RAN1 #89 meeting [2]. Considering the low latency of URLLC, 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. If only one symbol is used for NR-PDCCH for URLLC in shorter transmission duration, it seems ok. But for more than one symbols are used, it should allow multiple 1 symbol CORESETs. Or, we can explicitly support frequency first mapping of REGs to CCEs for receiving NR-PDCCH as soon as possible. 
DMRS pattern should be designed 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 not to span two symbols. This would be also beneficial for processing at least for those candidates in the first symbol.

Proposal 2: Frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to search space candidate should be supported for URLLC by defining frequency first mapping explicitly or by 1 symbol CORESET.

3.1.2 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 total number of blind detection for URLLC per slot is equal to that of eMBB, blind detection complexity for URLLC would be same with eMBB. The maximum number of blind detections per mini-slot for URLLC can be reduced in order to limit the processing delay caused by blind detections compared with eMBB. Accordingly, 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 configurable. FFS on configuration by RRC or by additional L1 signaling.

3.2 Ultra-reliable aspects
As discussed in [3], the reliability of NR-PDCCH for supporting URLLC should be at least improved from legacy reliability 99% to 99.9% with maximum 2 transmissions. Such improvement needs about 2dB gain over on normal NR-PDCCH. For improving reliability from 99.9% to 99.99%, about another 2dB gain should be provided.
Potential methods include higher aggregation levels, compact DCI and repetition. Repetition scheme is described in [4] with optimization. Using higher aggregation levels or compact DCI to improve NR-PDCCH reliability are listed below.
3.2.1 Higher Aggregation Levels

Higher aggregation levels for downlink control channel could be useful for low coding rate in LTE. Higher aggregation levels would also be used to improve reliability of NR-PDCCH. According to [5], gain from 8 CCEs to 16 CCEs is about 2.5dB when achieving 99.9% reliability. NR should consider define higher aggregation level for URLLC.
It was agreed in RAN1 NR_AH 1701 meeting that blocking probability of DL control channel should be taken into account in NR-PDCCH design. If higher aggregation level(s) for URLLC are introduced, the CORESET for URLLC and the CORESET for eMBB can be configured in different frequency location. But for light traffic scenario, the same CORESET can be also configured for URLLC and eMBB.
Proposal 4: The CORESETs for URLLC and eMBB can be configured independently. Higher aggregation level is supported for URLLC.
3.2.2 Compact 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 for improving PDCCH reliability in URLLC. According to [5], performance gain for reducing 20 bits is about 2dB. Given DCI contents for NR are still undetermined, high level analysis is listed as below.
Fields for flexible scheduling timing
According to the discussion on NR scheduling, both DL scheduling and UL scheduling may use dynamic scheduling timing which are indicated by DCI. For URLLC, minimum scheduling timing should be used in order to complete transmission as soon as possible. Thus, fields for flexible scheduling timing could be removed for URLLC.
Fields for complexity transmission mode
Higher peak rate is an important target for eMBB in NR. 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.

Fields for resource allocation for URLLC
As discussed in section 2, larger granularity of resource allocation should be used in shorter transmission duration for URLLC. RA bits for URLLC should be reduced compared with eMBB.
Fields for URLLC feature

Considering ultra-reliable aspect, repetition can be used for both NR-PDCCH and PDSCH in certain scenarios. In those case, small fields like repetition times can be added to DCI for URLLC and could be configurable. 
Two-stage DCI

To reduce the control overhead with the higher reliability, the DCI can be divided into two parts. The first part is related with the data demodulation, the second part is some other control information and the first part has higher reliability requirement than the second part. The first part can include the resource allocation, MCS, RV etc.  The second part can include the HARQ timing indication, the PUCCH resource indication, TPC command for the PUCCH power control etc. The second part can be considered as the second stage DCI transmitted in the PDSCH region. For example on consideration HARQ timing  and PUCCH resource indication as shown in Figure 2, the DCI in the PDCCH may only include a 1 bit flag to notify the UE whether the ACK/NACK feedback need or not, in order to reduce the DCI overhead and the complexity of blind decoding. 
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Figure  2 Example for the indication information multiplexed with the downlink data
Proposal 5: For compact DCI used for URLLC, 
· Fields for flexible scheduling timing for eMBB could be removed. 
· Fields for complexity transmission mode and resource allocation for eMBB could be reduced.
· Small fields for repetition times can be added to DCI for URLLC.
· Two-stage DCI can be introduced for the DL URLLC transmission. The first level control information indicates whether the second level control information of HARQ timing and PUCCH resource index is present or not.
4 DMRS sharing between NR-PDCCH and PDSCH

From low latency point 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 6: For URLLC, DMRS sharing between NR-PDCCH and PDSCH can be considered.

5 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: Frequency first mapping of REGs to CCEs and frequency first mapping of CCEs to search space candidate should be supported for URLLC by defining frequency first mapping explicitly or by 1 symbol CORESET.
Proposal 3: Number of aggregation levels and candidates in search space for URLLC UE should be limited and configurable. FFS on configuration by RRC or by additional L1 signaling.

Proposal 4: The CORESETs for URLLC and eMBB can be configured independently. Higher aggregation level is supported for URLLC.
Proposal 5: For compact DCI used for URLLC, 

· Fields for flexible scheduling timing for eMBB could be removed. 
· Fields for complexity transmission mode and resource allocation for eMBB could be reduced.
· Small fields for repetition times can be added to DCI for URLLC.
· Two-stage DCI can be introduced for the DL URLLC transmission. The first level control information indicates whether the second level control information of HARQ timing and PUCCH resource index is present or not.
Proposal 6: For URLLC, DMRS sharing between NR-PDCCH and PDSCH can be considered.
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