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Introduction
[bookmark: _Ref378529477]In the RAN1#96bis meeting, the following agreements were made regarding PDCCH enhancements for eURLLC.
	Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)

Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 

Agreements:
Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 






In this contribution, we provide detailed analysis of PDCCH enhancements for NR URLLC.
New DCI format Contents  
It was agreed during RAN1#96 that RAN1 will focus on the following fields.
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 configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· 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
In this section we focus mainly on 3 aspects
· DMRS Port Indication
· HARQ Process identifier
· RV Indicator

a. DMRS Port indication: Since only one codeword is used for URLLC transmission, only up to rank 4 can be used. Hence the number of bits in antenna ports can be reduced. However in our view scheduling more than rank 1 (single layer) is not advisable for URLLC applications. In these cases allocating bits antenna port increases the overhead of the new DCI format. Hence we propose that for URLLC applications the network always uses antenna port (1000). Hence this is pre-configured using RRC signaling. Note that Release 15 already supports similar mechanism for single codeword support. Note that the network can always obtain CSI with rank 1 by using codebook subset restriction. 

[bookmark: _GoBack]Proposal 1 :  For both DL/UL, use higher layer signaling to indicate whether the network is scheduling the UE with single layer transmission or not there by reducing the antenna port overhead to zero

b. HARQ Process Identifier: Note that in Release 15, 4 bits are allocated to indicate the HARQ process number. In our view, allocating 16 process are not needed for URLLC applications as the packet error probability for URLLC is very small. Hence the number of re-transmission are small.  Hence we prefer to add HARQ process as one candidate for reducing the number of fields. For example, up to maximum 4 HARQ process numbers can be used thereby reducing the number of bis to 2. 

Proposal 2 :  Use configurable number of bits for HARQ process identifier

c. RV Indicator: In section 7.3.1.2 of TS 38.212, it is mentioned that each transport block

For transport block 1: 
-	Modulation and coding scheme – 5 bits
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
For transport block 2 (only present if Number-MCS-HARQ-DL-DCI equals 2): 
-	Modulation and coding scheme – 5 bits as defined in Subclause x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
That is the signaling overhead for the redundancy version is 2 bits per each transport block. Note that the RV indication in the DCI structure is taken from the legacy LTE/HSPA DCI structure.  However, we would like to mention that subblock interleaving and rate matching procedure are different for LDPC and turbo codes. For LDPC codes the starting position of each redundancy version is indicated in Table 1, and also shown as circular buffer in Figure 1.

Table 1: Starting position of different redundancy versions, 
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Figure 18 Redundancy versions using circular buffer


In NR, for each transmission, the network needs to inform to the UE which redundancy version it is currently scheduling.  From simulations, we observed that the only few redundancy versions (RV0 and RV3) are self-decodable for all code rates.  From network perspective, we observed that first transmission always uses RV0, since the systematic bits are sent in RV0 and it is beneficial to send RV0 in the first transmission. However, if we send RV0 in initial transmission irrespective of the deployment or the UE channel characteristics, we feel that there is no need to indicate RV0 in the first transmission (new transmission).   This implies that for the first transmission, without indicating RV explicitly, we can use NDI bit so that UE knows that this is first transmission and use RV0 for this transmission.  i.e. whenever the NDI bit is toggled from previous successful transmission, it implies that RV0 is being used for the transmission. Hence we can save 2 bits for each TB for the first transmission. In addition, if we require re-transmissions, we can use RV3 thereby reducing the overhead to 1 bit

Proposal 3 :  Use configurable number of bits for RV indication (0-1 bit)


[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on PDCCH enhancements for NR URLLC.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:

Proposal 1 :  For both DL/UL, use higher layer signaling to indicate whether the network is scheduling the UE with single layer transmission or not there by reducing the antenna port overhead to zero

Proposal 2 :  Use configurable number of bits for HARQ process identifier

Proposal 3 :  Use configurable number of bits for RV indication (0-1 bit)
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