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1 Introduction

On RAN1 #96, a set of agreements were achieved for PDCCH enhancements [1]:

Agreements:
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 

· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)

· Antenna port(s) [0~2 bits]

· Transmission configuration indication [0~3 bits]

· Rate matching indicator [0~2 bits]

· SRS request [0~3 bits] 

· PRB bundling size indicator [0~1 bit]

· Carrier indicator [0~3 bits]

· CSI request [0~3 bit]

· ZP CSI-RS triggering [0~2 bits] 

· Beta offset indicator [0~2 bits]

· SRS resource indicator [0~4 bits]

· Repetition factor [0~2 bits]

· Priority indication [0~3 bits]

· Note: Other field(s) can be considered if needed 

· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15

On RAN #83, a WI [2] was approved for NR URLLC with following objectives: 

· Specification of PDCCH enhancements [RAN1]

· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 

In this contribution, a revision of R1-1902126, we discuss how sizes of some information fields of the DCI scheduling Rel-16 NR URLLC can be reduced and how the DCI can be flexibly supported with conflicting objectives. 
2 New DCI format
To achieve the targeting minimum DCI size reduction of 10~16 bits, bitwidths of some information fields can be reduced by reconfiguring. Some examples could be found below: 
Frequency domain resource assignment

The FDRA (frequency domain resource assignment) size depends on BWP and RBG sizes. Considering first, the corresponding PDSCH/PUSCH scheduled by the URLLC DCI format targets a very high reliability, and second, the PDSCH/PUSCH is scheduled with very short transmission duration, a large allocation in frequency domain is normally required and a bigger RBG will not cause too much efficiency degradation. The FDRA size can be reduced by configuring a bigger RBG. 

Time domain resource assignment

As said above, the URLLC PDSCH/PUSCH normally is scheduled with short transmission duration and packet sizes of some URLLC services are less variable, it is reasonable to configure a smaller number of entries of the TDRA table. The TDRA size can be reduced by configuring less entries of the TDRA table.    
HARQ process number
Considering first high throughput is not the main objective of URLLC, and second, the HARQ round trip time is short, less HARQ processes are acceptable. The exact number can be configured. 

Redundancy version
Limited by the latency, there may be only one chance of retransmission for each TB (two attempts), so the set of RV sequence can be reduced, e.g., 1 bit of RV to indicate between RV 0 and RV 2.  RV 0 can be used for the initial transmission or the retransmission while RV 2 can only be used for the retransmission. 
Observation 1: some information fields of the Rel-15 fallback DCIs can be reduced by configuring less available choices for each parameter without impacting the scheduling flexibility too much. 
Proposal 1: it is proposed to reduce the sizes of some fields in the DCI scheduling Rel-16 NR URLLC by configuring less available choices for each parameter, and these fields include at least FDRA, TDRA, HARQ process number, and RV.   
Besides information fields discussed above, there are some other fields can be reduced differently. MCS, TPC and repetition factor are discussed below. 
2.1
Modulation and Coding Scheme

As commonly understood, MCS is determined by the SNR, and normally a low MCS needs to be used with a bad SNR while a high MCS can be used with a good SNR. At the same time, AL (aggregation level) of the DCI is also determined by the SNR, and a high AL needs to be used when the SNR is bad while a low AL can be used when the SNR is good. So it can be considered to use the AL to narrow down the entries of the configured MCS table. An example can be found in Figure 1, each AL is mapped to a number of entries of the MCS table, and the MCS field in the DCI (called sub-MCS, sMCS) only needs to indicate among those entries associated with the AL, for instance, the actual MCS will be MCS 9 when sMCS 1 is received in a DCI with AL 4. 
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Figure 1 Mapping from AL to MCS entries

The mapping from AL to MCS entries can be configured by the gNB by taking several other parameters into consideration, for instance, targeting BLERs of relevant channels, number of antennas, and whether frequency hopping is applied or not, etc. To be clarified, the number of entries associated with each AL doesn’t have to be same, the entries associated with one AL do not have to be continuous in order (could be distributed), and the entries associated with one AL could overlap with entries associated with anther AL (one entry could be associated with more than one ALs). 
With this proposal, the bitwidth of MCS can be different for different AL, but it will not increase the UE complexity as the DCI size is still fixed for each specific AL. For the example in Figure 1, AL 16 is mapped to 4 entries so the MCS field in the DCI can be reduced to 2 bits, while AL 1 is mapped to 12 entries so the MCS field in the DCI needs 4 bits. It makes a sense as first, lower ALs overlap with more MCS in SNR than higher ALs do in practice, and second, higher ALs cause more PDCCH blockings than lower ALs do. 
Compared to the proposal to configure less entries of the MCS table to reduce the MCS field size, this proposal doesn’t reduce the number of available MCSs so impact on spectrum efficiency is minimized, and what is more, this proposal can be used jointly with any option with a sub-set of entries configured to maximize the reduction of the MCS field.  
Proposal 2: it is proposed to reduce the MCS field size in the DCI scheduling Rel-16 NR URLLC by using the AL used by the DCI to indicate a sub-set of entries of the MCS table.   
2.2
Repetition Factor
Dynamic HARQ-less repetition is not supported but it could be very useful, for instance, when the channel quality is changed or the available resources are different, the gNB can schedule a different number of repetitions. Another example is to support a combination of HARQ based retransmission and HARQ-less repetition as illustrated in Figure 1, the initial transmission can use HARQ based retransmission for better efficiency and if NACK is received, the gNB can switch to HARQ-less repetition for better reliability in a limited time. With such combination, the gNB has the flexibility to balance between efficiency and reliability.  In NR Rel-15, the number of repetitions is upper layer configured with parameter aggregationFactorDL > 1. Since it is upper layer configured, it is impossible to support dynamical HARQ-less repetition. 
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Figure 2 Combination of HARQ based retransmission and automatic repetition

To support dynamic HARQ-less repetition, one straightforward way is to include the parameter in DCI so that the gNB can control the number of repetitions dynamically. Additionally, it was discussed for PUSCH enhancement in the SI phase that PUSCH transmission may be allowed to cross the slot boundary and in that case, an information field for repetition factor in the DCI could be also useful to support either mini-slot level repetition or multi-segment transmission. 

Proposal 3: it is proposed to include an information field for repetition factor in the DCI scheduling Rel-16 NR URLLC. 
For the UL DCI, an information field for TPC command for PUSCH is included. In our understanding, power control and repetition are correlated, for instance, repetitions may be unnecessary when power can be increased or more repetitions may be needed when the UE power is limited, so it can be considered to encode repetition factor and TPC command for PUSCH jointly. Currently, repetition factor may need 2 bits, TPC command for PUSCH needs 2 bits, and jointly encoding may save 1 bit as illustrated in Table 1 below. 
Table 1 TPC command and Repetition factor jointly encoded

	TPC & RF
	TPC command
	Repetition Factor
	Notes

	0
	-1
	1
	No repetition when power needs to be reduced.

	1
	0
	1
	When power cannot be increased, the number of repetitions can be increased to enhance the reliability. 

	2
	
	2
	

	3
	
	3
	

	4
	
	4
	

	5
	1
	1
	No repetition when power is only slightly increased.

	6
	3
	1
	Power and/or a small number of repetitions can be used when reliability needs to be enhanced. 

	7
	
	2
	


Proposal 4: it is proposed to encode the TPC command for PUSCH and repetition factor jointly in the DCI scheduling Rel-16 NR URLLC. 
3 Considerations for DCI formats
The objective of the DCI enhancement includes two conflicting intentions, one is to reduce the overall size so that the PDCCH blocking rate can be reduced, and the other is to add some new information fields which are not included in the fallback DCIs to improve the scheduling flexibility. For this second intention, the DCI size may be increased to even bigger than the fallback DCIs. 

PDCCH blocking is concerned when the cell load is high and/or the channel quality of a UE is very bad (high AL has to be used), and when it is not concerned, the DCI format with additional fields is always preferred for better scheduling flexibility. To sum up, the DCI format with more configured fields is preferred when the risk of PDCCH blocking is low, and the DCI format with minimized size can be used only when the gNB predicts that PDCCH blocking might happen. 

Ideally, it is expected that the gNB can dynamically select a format according to the changing situation. The straight way forward is to let the UEs to do blind detection from multiple formats but obviously it will increase the UE complexity. Compared to the DCI scheduling, either the cell load or the UE channel quality changes much less frequently, it can be considered for the gNB to switch between multiple formats and at one moment, the UE is required to detect only one format. To do the switch, one may consider using the RRC reconfiguration procedure but it may result in too much overhead and cause long interruptions to the ongoing transmission. Another option is to include an indicator in the DCIs scheduling Rel-16 NR URLLC to dynamically indicate the format switching, for example, another DCI format field can be introduced to indicate the next DCI format to be used after a time point, a set of time points for format switching can be pre-configured, and after each time point, the UE uses the format indicated before the time point to detect the DCI. 
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Figure 3 Dynamic DCI format switch
An example is given in Figure 3, the gNB decides to switch the DCI format, and the DCI format field 2 in the current DCI indicates the new format to be used after Switch point #n+1. The UE uses DCI format field 1 (if applicable) to interpret the current DCI and DCI format field 2 to decode/interpret the DCIs after the next switch point. 

Proposal 5: it is proposed for the UEs to not support blind detection of multiple DCI formats scheduling Rel-16 NR URLLC and it can be considered to include a new information field to indicate the switching dynamically.   
4 Conclusion
In this contribution, the objective of PDCCH enhancement is analyzed and a number of enhancements are discussed and proposed for consideration. 
Based on above discussions, we have the following proposals: 

Observation 1: some information fields of the Rel-15 fallback DCIs can be reduced by configuring less available choices for each parameter without impacting the scheduling flexibility too much. 
Proposal 1: it is proposed to reduce the sizes of some fields in the DCI scheduling Rel-16 NR URLLC by configuring less available choices for each parameter, and these fields include at least FDRA, TDRA, HARQ process number and RV.   
Proposal 2: it is proposed to reduce the MCS field size in the DCI scheduling Rel-16 NR URLLC by using the AL used by the DCI to indicate a sub-set of entries of the MCS table.   
Proposal 3: it is proposed to include an information field for repetition factor in the DCI scheduling Rel-16 NR URLLC. 

Proposal 4: it is proposed to encode the TPC command for PUSCH and repetition factor jointly in the DCI scheduling Rel-16 NR URLLC. 
Proposal 5: it is proposed for the UEs to not support blind detection of multiple DCI formats scheduling Rel-16 NR URLLC and it can be considered to include a new information field to indicate the switching dynamically.   
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