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Introduction
Up to the RAN1 #95 meeting, there are the following agreements about PDCCH enhancements to support URLLC:
For link-level PDCCH evaluation, the target operating BLER of DCI(s) scheduling HARQ-less PDSCH/PUSCH should be smaller than 1e-x in Rel-16 NR URLLC, at the 5%-tile SINR geometry.
· x is the reliability requirement given in the table of representative use case for evaluation agreed in the RAN1#94bis meeting.
· The 5%-tile SINR geometry is obtained by system-level simulation assuming full buffer for a given evaluation scenario.
This target assumes no HARQ re-transmssion.
· No change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective
· To further study DCI for URLLC with a size potentially smaller than that of Rel-15 fallback DCI
· Consider using Rel-15 fallback DCI as a starting point for Rel-16 URLLC DCI
· Target a reduction of at least 10-16 bits compared to Rel-15 fallback DCI
· Companies report how to achieve the DCI size reduction
· The link level performance gain from PDCCH reliability perspective 
· Check at least AL=16 
· PDCCH resource utilization considering all UEs in the cell
· Check AL=1/2/4/8/16 
· If retransmission is feasible with the latency bound, different BLER target can be used
· The PDCCH blocking probability when applicable  
· The performance impact from compact DCI including impact to PDSCH/PUSCH capacity when applicable
· The impact on PDCCH blind decoding/DCI size budget 
· The impact on PDSCH/PUSCH scheduling flexibility 
· At least Rel-15 enabled use cases should be evaluated for the above study
In this contribution, we will discuss the details of potential enhancements to PDCCH for URLLC.
Discussion
Compact DCI
It is agreed to study smaller size of DCI than that of Rel-15 fallback DCI for URLLC and using Rel-15 fallback DCI as a starting point. As for the contents of compact DCI, there is some balance between the DCI scheduling flexibility and the performance gain of compact DCI. The more amount of reduced bits, the more coding gain could be obtained while the scheduling flexibility is much restricted. The bit fields of “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”, and “HARQ process number” can be considered for bit reduction.
Proposal 1: DCI contents reduction can start with “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”,  and “HARQ process number”.
PDCCH repetition
With PDCCH repetition, the reliability of PDCCH could be improved with diversity channel condition or soft combination. Similar performance as PDCCH repetition can be expected with higher aggregation level. However, higher aggregation level may cause PDCCH blocking because large amount of resources within a CORESET are used by one PDCCH. Furthermore, diversity gain is less possible with higher aggregation level than with PDCCH repetition since the channel conditions corresponds to one CORESET may be very similar. Therefore, PDCCH repetition is more preferred than higher PDCCH aggregation level for the reliability of PDCCH improvements. 
Proposal 2: PDCCH repetition is preferred than higher PDCCH aggregation level. 
From the latency perspective, PDCCH repetition through frequency domain is beneficial than through time domain. However, the frequency diversity gain is questionable with different CORSETs in the same PDCCH monitoring occasion in a serving cell. Consequently, PDCCH repetition in different serving cells could be considered.
When PDCCH repetition is through different PDCCH monitoring occasion or different slots, the bit fields relate to the timing relationship may meet some trouble. For example, the interpretation of “Time domain resource assignment”, “Downlink assignment index”, “PDSCH-to-HARQ feedback timing indicator” and etc. in PDCCH corresponds to the location where the PDCCH is transmitted. 
According to [1], the DL grant in Slot #n, allocates PDSCH transmission in slot . The value of  is 0 or 1 which is indicated by the bit field of “Time domain resource assignment” in the DL grant. It is possible PDCCH repetition is performed among serval slots, and indicates one single PDSCH. As shown in the left of Figure 1 below, the PDCCH in Slot #n, n+1, and even slot #n+2 are repeated indications for the PDSCH scheduling in Slot #n+2. If the contents of the repeated PDCCH are always the same, the timing relationship between each PDCCH and the corresponding PDSCH cannot retain as it used to be. Suppose the “Time domain resource assignment” in the repeated PDCCHs are based on the timing relationship between the first PDCCH and the PDSCH, it is necessary to introduce mechanisms to enable the UE identify which PDCCH is the first one and which PDCCHs are the repeated one(s). This is because the UE may miss the first transmitted PDCCH. Without the reference of the slot index of the first PDCCH, the UE cannot decide the slot index of the scheduled PDSCH. 
Similarly, the indication of “PDSCH-to-HARQ feedback timing indicator” in DL grant also relates to the timing relationship between PDCCH and PUCCH for HARQ-ACK feedback. If the value of “PDSCH-to-HARQ feedback timing indicator” in each repeated PDCCH is always the same, the timing relationship between each PDCCH and the corresponding PUCCH also needs revised. This is illustrated in the right of Figure 1.


[bookmark: _Ref528918608]Figure 1 PDCCH repetition to indicate one single PDSCH/PUCCH
Besides, when dynamic HARQ-ACK codebook determination is configured, bit filed of “Downlink assignment index” exists in the DL grant. The following is described in [2]:


“A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release(s) associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index , where ”.

“The value of the total DAI, in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release(s) associated with DCI format 1_0 or DCI format 1_1 is present, up to the current PDCCH monitoring occasion and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion”. 
It is noted that the value of both counter DAI and total DAI in one PDCCH depends on the PDCCH monitoring occasion when it is transmitted, the PDCCH monitoring occasion when other PDCCHs are transmitted whose corresponding PDSCH related HARQ-ACK bits are within the same HARQ-ACK codebook as this PDCCH. As shown in the Figure 2 below, PDCCH-1 is 3 times repeated with PDCCH-1(A), PDCCH-1(B), and PDCCH-1(C). The HARQ-ACK for PDSCHs corresponding to PDCCH-1, PDCCH-2, PDCCH-3, and PDCCH-4 respectively are within one HARQ-ACK codebook and transmitted in slot #n+k. According to the current mechanism, the value of DAI in PDCCH-1(A), PDCCH-1(B), and PDCCH-1(C) would be different due to they are in different PDCCH occasions and there are other PDCCHs in other PDCCH monitoring occasions or serving cells which relates to the same PUCCH. For example, between PDCCH-1(A) and PDCCH-1(B), there is PDCCH-2. If different value of DAI is assumed for each K repeated PDCCH, there would be K HARQ-ACK fields for one PDSCH which increases the HARQ-ACK payload in PUCCH. If the same value of DAI is assumed in each K repeated PDCCH, it’s also necessary to make the UE decide the detected PDCCH is the first one or the repeated one(s).


[bookmark: _Ref528927262]Figure 2 PDCCH repetition to indicate the HARQ-ACK codebook one PUCCH
According to the above discussion, although soft combination with PDCCH repetition over time may provide better performance, much specification efforts and UE complexity would be introduced. So it is proposed that if PDCCH repetition is decided, soft combination with PDCCH repetition over time is not allowed in Rel.16.
[bookmark: _GoBack]Proposal 3: If PDCCH repetition is decided, soft combination with PDCCH repetition over time is not allowed in Rel.16.
Increased PDCCH monitoring capability
In general, with new compact DCI introduced, the UE complexity of blind detection would be increased. If PDCCH repetition with soft combination over time is supported, additional blind detection efforts are also needed. It is reasonable that URLLC UEs which enjoys high reliability service has improved capability of blind detection. Even if the UE blind detection capability is not improved, the UE blind detection could be well controlled by higher layer configuration. For example, the number of PDDCH candidate per AL, the number of DCI formats that the UE should monitor in each search space are all under control with configurable RRC parameters. With proper configuration, the total UE blind detection capability can be not restricted to a reasonable range. Then it is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
Proposal 4: It is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
Conclusion
In this contribution, we discussed the potential enhancements to PDCCH for URLLC. The following proposals are reached:
Proposal 1: DCI contents reduction can start with “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”,  and “HARQ process number”.
Proposal 2: PDCCH repetition is preferred than higher PDCCH aggregation level. 
Proposal 3: If PDCCH repetition is decided, soft combination with PDCCH repetition over time is not allowed in Rel.16.
Proposal 4: It is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
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