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1. Introduction
In the email discussion [91-LTE-10] [1], several candidate techniques for DL control enhancement in LTE URLLC were discussed. Based on the discussion, we provide our input on the candidate techniques and related issues on DL control channel design for LTE URLLC in this contribution.

2. Discussion
2.1. [bookmark: _Ref506313410]Compact DCI
For improving the reliability of DL control channel, reducing the size of DCI can basically be considered. Reduction of the DCI size provides lower code rate and thus improves the reliability. For example, MCS field can be one of the candidates to be reduced because higher MCS values may not necessarily be used for high reliable communication. Another candidate field of which the size could be reduced is RA field. For URLLC, more frequency resource seems to be needed in order to increase the reliability within a limited TTI length. Then, the RBG size can further be increased, which in turn reduces the size of RA field. Size reduction or deletion of other fields (e.g., CSI request, SRS request, RV, etc.) is FFS.
While reducing the size of DCI, the number of BD should also be considered. Because the size of compact DCI would be different from that of legacy DCI and sDCI, separate BD is needed for compact DCI. Considering the decoding latency and UE capability, however, the total number of BD needs to be kept as small as possible. Currently, the number of BD candidates for sDCI in PDCCH and sPDCCH is configured by higher layers with different restriction. One simple way is to split the BD candidates by higher layer signaling for sDCI into two parts, each of which is utilized for DCI/sDCI for non-URLLC traffic and URLLC traffic, respectively. With this approach, total number of BDs would not be increased. Alternatively, additional BD can be allocated for compact DCI for URLLC traffic and higher UE capability may be required. 
Proposal 1: Compact DCI can further be investigated for LTE URLLC, and at least the size reduction of MCS and RA fields can be considered.

2.2. Usage of more resource for DL control
In order to increase the reliability of DL control channel, the code rate of DCI can be lowered by using more resource for transmitting DCI. Using more resource in frequency domain within TTI is one approach and supporting higher AL (e.g., AL 16) can be considered. There are two possible options to construct higher AL. One option is to support higher AL itself, of which candidate is mapped on a single control RB set. For this option, the corresponding control RB set needs to be allocated across wide range of frequency domain, which causes a difficulty in multiplexing among legacy and URLLC UEs. An alternative option is to construct a higher AL candidate by aggregating lower AL candidates from the different control RB set. For this option, it can be necessary to design a method to map between multiple (e.g., 2) lower AL candidates to a higher AL candidate. By configuring two control RB sets with lower AL candidates instead of a wideband control RB set with higher AL, the multiplexing among legacy and URLLC UEs become easier while higher AL can be used according to this option. Furthermore, aggregation of candidates from different TRPs can also be possible. By configuring different virtual cell ID in different control RB set, a higher AL candidate can be constructed by lower AL candidates from different control RB sets each of which is transmitted by different TRPs.
Using more resource in time domain can be another approach and repeating the DCI over multiple TTIs can be considered. There are two options for repeating DCI over multiple TTIs, one of which is that the repeated DCIs have the same information and UE can buffer each DCI for combining them. Then, combining gain can be achieved, however, there are several potential drawbacks. First of all, all the DCIs should have the same information, which causes a less flexibility in resource allocation for data. If data is also repeated over multiple TTIs, some predefined hopping pattern may be required for the repeated data. Furthermore, BD candidates to be combined should be predefined. Because in case of sTTI operation, DL assignment and UL grant having the same DCI size are differentiated by flag, UE cannot know whether a certain candidate carries DL assignment or UL grant. Then, candidates for DL assignment and UL grant should be predefined so that UE can try to combine appropriate candidates. Alternatively, the repeated DCIs can have different information and UE can keep trying to decode each DCI without combining. Basically with this approach, data can be more flexibly scheduled and less specification impact is expected. For example, if the same TB is repeated, it can be indicated to UE by setting the same value of HARQ process number, NDI in the repeated DCIs.
When multiple PDCCHs are transmitted to schedule a TB, whether each PDCCH schedules a PDSCH respectively or repeated PDCCHs schedules the same PDSCH needs to be clarified. In case control is not detected, the transmitted PDSCH can be wasted. Furthermore, if PDSCH is also repeated, separate PDSCH transmission by each PDCCH can be somewhat inefficient. More importantly, this can also lead ‘HARQ-ACK timing’ ambiguity at eNB where depending on which PDCCH that the UE detects, the corresponding HARQ-ACK timing is determined. Thus, mechanisms to allow PDCCHs indicate the same time/frequency resource for PDSCH or PUSCH could be further considered (for example, a simple cross-TTI scheduling). 
Proposal 2: Support aggregation level 16 where one candidate of AL = 16 can be constructed by combining two candidates of AL = 8 from two control RB sets. 
Proposal 3: Support multiple PDCCH transmission for the same TB with the following considerations. 
· At least it is supported that a UE is not expected to combine multiple PDCCHs. FFS whether also to support combining case. 
· Further consider scheduling enhancements to allow multiple PDCCHs indicate the same time/frequency resource for the same TB (for PDSCH/PUSCH)

2.3. [bookmark: _Ref506286546]False alarm for DL control
The impact of false positive detection of DL control channel needs to be studied because it leads to the contamination of the soft buffer for data channel. One simple approach to lower the false alarm rate is to increase the CRC length as in NR (i.e., 24 bits). However, it degrades the decoding performance of DL control channel due to the increased code rate assuming the same amount of resource. Alternatively, virtual CRC can be applied. If the reduce bits of DCI/sDCI are entirely used as virtual CRC, the false alarm rate can be decreased without degradation in decoding performance gain. This approach can also have a benefit in BD candidate management due to the size alignment, however, an indication bit field would be necessary in DCI/sDCI for both non-URLLC and URLLC. The number of reduced bits of DCI/sDCI should be larger than that for the increment of CRC length (including virtual CRC) in order to decrease the false alarm rate while improving the decoding performance.
Observation 1: The number of reduced bits of DCI/sDCI should be larger than that for the increment of CRC length in order to decrease the false alarm rate while improving the decoding performance.

3. Conclusion
In this contribution, we discussed the candidate techniques and related issues on DL control channel design for LTE URLLC.
Proposal 1: Compact DCI can further be investigated for LTE URLLC, and at least the size reduction of MCS and RA fields can be considered.
Proposal 2: Support aggregation level 16 where one candidate of AL = 16 can be constructed by combining two candidates of AL = 8 from two control RB sets. 
Proposal 3: Support multiple PDCCH transmission for the same TB with the following considerations. 
· At least it is supported that a UE is not expected to combine multiple PDCCHs. FFS whether also to support combining case. 
· Further consider scheduling enhancements to allow multiple PDCCHs indicate the same time/frequency resource for the same TB (for PDSCH/PUSCH)
Observation 1: The number of reduced bits of DCI/sDCI should be larger than that for the increment of CRC length in order to decrease the false alarm rate while improving the decoding performance.
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