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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#97, we agreed the following:
Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC

Agreements:
Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 


This contribution provides further considerations on the DCI format for URLLC operations.  
2. Discussions
The DCI parameters agreed to be considered for size reduction [1] are:
· Frequency domain resource assignment (FDRA)
· Time domain resource assignment (TDRA)
· Modulation and coding scheme (MCS)
· HARQ process number
· Redundancy version (RV)
· PUCCH resource indicator (PRI)
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index (DAI)

The PRI, PDSCH-to-HARQ_feedback timing indicator and DAI are currently being discussed in other agenda items, i.e. UCI Enhancements (7.2.6.2) & Enhancements to Scheduling/HARQ (7.2.6.4) and therefore they will not be considered here.
2.1 Frequency Domain Resource Assignment (FDRA)
It is agreed that at least Resource Allocation Type 1 is supported and to reduce the number of bits for FDRA, a coarser granularity for the starting point and length of the allocation is considered, i.e. the frequency resource is allocated in RBG granularity instead of RB.  Two options on the configuration of this granularity are agreed to be considered in RAN1#97:  
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 

URLLC transmission can pre-empt other transmissions such as eMBB, which would lead to retransmission of the eMBB packet.  Hence it is beneficial if the gNB can minimise such pre-emption by allowing as much flexibility as possible in allocating the URLLC transmission.  Option 2 would offer more flexibility at the expense of slightly more RRC configuration.  Hence we have a preference for Option 2.
Proposal 1: For the configuration of the FDRA granularity, the starting point granularity and the length indication granularity are separately configured. 

Resource Allocation Type 0 allows for discontinuous allocations in the frequency domain, which can offer frequency diversity and also provides further flexibility for the gNB to minimize pre-emption.  Hence, we see a benefit to also support RA Type 0.  Since RA Type 0 already allows for different RBG sizes, no further changes are required.
Proposal 2: Support Resource Allocation Type 0 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC.

2.2 Time Domain Resource Assignment (TDRA)
Since URLLC has low latency requirements, we expect the PDSCH transmission to start as soon as possible after the corresponding DL Grant is sent.  It was argued [2] that since URLLC is likely to have multiple PDCCH monitoring occasions in a slot, using Rel-15 TDRA would lead to a larger TDRA table thereby increasing the size of the DCI.  For example in Figure 1, the PDCCH monitoring period is 7 OFDM symbols and if we want a 4 symbol duration PDSCH to start 1 symbol after the end of DL Grant, using Rel-15 parameters, we require two entries in the TDRA table, i.e.
· K0=0, S=3, L=4
· K0=0, S=10, L=4
The number of entries increases with the number of PDCCH monitoring occasions per slot, e.g. if we have 7 PDCCH monitoring periods, for L=2 and PDSCH to start at the same time as the DL Grant, such allocation may require 7 entries in the TDRA table for.
[image: ]
[bookmark: _Ref15552872]Figure 1: Rel-15 TDRA parameters
It is therefore proposed by several companies [2] that the TDRA parameter S is relative to the (end or start) of the DL Grant instead of it being relative to the start of the slot boundary in Rel-15.  If S is relative to the DL Grant, then only a single entry in the TDRA table is required, e.g. for the PDSCH allocation example in Figure 1, an entry where S=1 & L=4 is sufficient.
Observation 1: Rel-15 TDRA parameters are not efficient in allocating PDSCH that require low latency for multiple PDCCH monitoring occasions per slot.

However, defining the parameter S to be relative to the (end) of the DL Grant has drawbacks.  Firstly, this may lead to a PDSCH crossing slot boundary.  For example in Figure 2, if we have S relative to the end of DL Grant and we have an entry S=1, L=7, then if the DL Grant is sent close to the slot boundary, the corresponding PDSCH will cross that slot boundary.  This is shown in Figure 2, where the DL Grant ending at time t4 using S=1, L=7 would lead to the PDSCH starting at time t5 to cross the slot boundary at time t6.  It should be appreciated that in Rel-15, since the S is relative to the slot boundary, the entries in the TDRA table could easily avoid any PDSCH crossing slot boundary but if S is relative to the end of the DL Grant then it is harder to manage the entries in the TDRA table to avoid this since an entry may or may not lead to PDSCH crossing slot boundary depending upon the position of the DL Grant.
[image: ]
[bookmark: _Ref15555545]Figure 2: PDSCH crossing slot boundary
Observation 2: Defining the parameter S to be relative to the end of DL Grant may lead to PDSCH allocation crossing slot boundary.

Another issue with defining S to be relative to the end of the DL Grant is if the scheduler does want to do cross slot scheduling, it will have to configure multiple entries in the TDRA table for a single such allocation. For example in Figure 3, if the scheduler wants to schedule a PDSCH with L=4 in the next slot that starts 2 OFDM symbols from the slot boundary, it will have to configure two entries in the TDRA table if S is relative to the end of the DL Grant for a 7 OFDM symbol PDCCH monitoring period, i.e. S=14, L=4 and S=7, L=4.  In contrast the Rel-15 TDRA parameters require only a single entry, i.e. K0=1, S=2, L=4.
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[bookmark: _Ref15560594]Figure 3: Cross slot scheduling
Observation 3: Defining the parameter S to be relative to the end of DL Grant is inefficient for cross slot scheduling. 

One way to implement the parameter S to address the above observations is to interpret parameter S as being relative to the end of DL Grant if K0=0 otherwise S is relative to the slot boundary.  The benefit of defining S to be relative to the DL Grant is for low latency scheduling, which reduces number of entries in the TDRA table especially for same slot scheduling.  And if cross slot scheduling is used, then it is more efficient to have S relative to the slot boundary as shown in the above observation.  
Proposal 3: For URLLC operation, the TDRA parameter S is:
· Relative to the end of the PDCCH carrying the DL Grant if K0=0
· Relative to the start of the slot boundary if K0≥1

2.3 Modulation and Coding Scheme (MCS)
The size of the MCS field in Rel-15 is 5 bits and it is suggested that a smaller MCS size can be used since high modulation & high code rate schemes are not suitable for URLLC as URLLC requires high reliability: hence the high modulation and code rate schemes can be removed.  However, this reliability aspect has already been addressed with the introduction of a lower spectral efficiency MCS table in Rel-15.
Reducing the size of the MCS would lead to coarser MCS granularity which lead to inefficient allocation of resources.  Alternatively, a localized subset of the Rel-15 MCS table could be used, e.g. a 3 bit MCS field using the lower 8 entries of the Rel-15 MCS table, and the localized subset used is RRC configured, e.g. by configuring the starting MCS (i.e. an anchor MCS) of the localized subset [3]. However, localizing to a subset of the Rel-15 MCS table may not be suitable if the UE moves to a different radio condition and reconfiguring the UE to a different subset of the MCS table would introduce latency.  Hence, we have a preference not to change the size of the MCS field.
Proposal 4: The size of the MCS field is maintained at 5 bits.  

2.4 HARQ Process Number
The size of the HARQ Process Number field in Rel-15 is 4 bits and it is suggested that a smaller number of HARQ processes can be supported since we do not expect each HARQ round trip time to span a long time for URLLC traffic.  However, the UE may also support both eMBB and URLLC and hence may require a larger number of HARQ processes.  Hence it is proposed that this field is configurable.
Proposal 5: The HARQ Process Number field is configurable from 1 to 4 bits.

2.5 Redundancy Version (RV)
The size of the RV field in Rel-15 is 2 bits, supporting four RV.  It is noted that the number of HARQ retransmissions that can be supported within the URLLC low latency budget is limited especially for PUSCH.  Hence, the number of RV can be reduced.  However, the number of HARQ retransmissions that can fit into the URLLC latency budget (0.5 ms or 1 ms) depends on the Subcarrier Spacing.  Therefore, we prefer that the RV size is configurable between 1 or 2 bits.
[bookmark: _GoBack]Proposal 6: The Redundancy Version (RV) field is configurable between 1 or 2 bits.

3. Conclusion
In this contribution we discuss reduction of DCI size for URLLC.  We observe the following:
Observation 1: Rel-15 TDRA parameters are not efficient in allocating PDSCH that require low latency for multiple PDCCH monitoring occasions per slot.
Observation 2: Defining the parameter S to be relative to the end of DL Grant may lead to PDSCH allocation crossing slot boundary. 
Observation 3: Defining the parameter S to be relative to the end of DL Grant is inefficient for cross slot scheduling.

We therefore propose the following:
Proposal 1: For the configuration of the FDRA granularity, the starting point granularity and the length indication granularity are separately configured. 
Proposal 2: Support Resource Allocation Type 0 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC.
Proposal 3: For URLLC operation, the TDRA parameter S is:
· Relative to the end of the PDCCH carrying the DL Grant if K0=0
· Relative to the start of the slot boundary if K0≥1

Proposal 4: The size of the MCS field is maintained at 5 bits.  
Proposal 5: The HARQ Process Number field is configurable from 1 to 4 bits.
Proposal 6: The Redundancy Version (RV) field is configurable between 1 or 2 bits.
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