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Introduction
The URLLC L1 work item was approved in RAN#83 [1]. 
PDCCH enhancements are one of the objectives in the WID and noted as:
· 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) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
In this contribution paper, we discuss DCI format(s) with configurable sizes and the related issues in Sec. 2 according to the first objective noted above. In Sec. 3 we discuss the second PDCCH enhancements objective of increased PDCCH monitoring capability. 
DCI scheduling URLLC traffic
In RAN1#96bis meeting, the following agreements were made regarding URLLC DCI enhancement. 
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)

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 
Besides, we have the following agreements in RAN1#97 meeting:
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 
Three remaining issues can be identified from the above agreements and discussions in RAN1, we summarize them as four questions which need answers as below: 
· Should we introduce a new DCI format for R16 URLLC scheduling or we modify the Rel-15 DCI format and keep the number of formats unchanged? 
· What are the fields besides what were agreed for the R16 URLLC DCI format? And how should we design them?
· If we align the size of the new DCI with the Rel-15 fallback DCI, how should we differentiate them? (UE capability on PDCCH decoding can be impacted.)
· Should the PDSCH TDRA time reference point be changed to the starting point of the scheduling PDCCH? Is this compatible with semi-static HARQ codebook operation? 

Introducing new DCI formats for R16 URLLC 
In [2], we interpret the target of the new URLLC work item as: DCI formats with configurable sizes for some fields are considered in the PDCCH enhancements; the lower bound of the new size is targeted at a reduction of 10-16 bits relative to Rel-15 fallback DCI formats. Then, we start from Rel-15 non-fallback DCI formats and discuss potential size reduction of the existing fields. However, during the discussion of RAN1 #96bis meeting, it was identified that the decision on whether we should introduce a new DCI formats for Rel-16 URLLC scheduling or we just modify the existing non-fallback Rel-15 DCI formats and keep the number of formats unchanged impacts how we design the fields. 
To decide which way to go, introducing new formats or modifying the existing non-fallback DCI formats, a fundamental question needs to be answered: do we need two separate DCI formats/sizes for URLLC traffic and eMBB traffic at a time for a UE which supports both of them? URLLC demands much higher reliability on PDCCH decoding, URLLC DCI (hereafter we call URLLC DCI as what gNB uses to schedule URLLC traffic) format with smaller size compared to eMBB DCI (here after we call eMBB DCI as what gNB uses to schedule eMBB traffic) can be beneficial for URLLC scheduling. But using a small DCI size configured for URLLC for the eMBB operation will be far from optimal for a UE having mixed traffic. 
Looking first at a UE having only URLLC traffic, having the non-fallback DCI formats 0_1 and 1_1 configurable or introducing new formats 0_X and 1_X for URLLC scheduling does not really make any difference. As only URLLC is scheduled, the gNB may configure the UE with the intended URLLC optimizations in either case, and then operate the UE DL control using the fall-back DCI formats and the URLLC configured non-fallback formats 0_1 & 1_1, or in case of new DCI formats with the fall-back DCI formats and the new URLLC DCI formats 0_X & 1_X. Both are resulting in the same flexibility, same number of BDs and the same number of DCI sizes for monitoring. 
The situation is very much different when considering the operation for a UE having simultaneous URLLC and eMBB traffic. In case we modify the existing non-fallback DCI formats for URLLC operation, the eMBB traffic can be either operated using the fallback DCI formats or the non-fallback DCI tailored to URLLC operation by configuration. In any case, this will mean that the eMBB operation will be impacted by either the limitations of the fallback DCI for eMBB operation (e.g. in terms of MIMO operation etc.) or is impacted by the restrictions the gNB is configuring for URLLC to keep the DCI size low. In any case, the eMBB operation will be restricted here as the intention of Rel-15 eMBB philosophy of having the non-fallback DCI configured to optimally support eMBB traffic cannot be applied any more. 
In contrast, when introducing new DCI formats 0_X and 1_X for URLLC operation, a mixed traffic UE can be operated with the URLLC using the new DCI formats optimized for URLLC and eMBB using the non-fallback DCI formats tailored through configuration for eMBB operation. When only configuring the non-fallback and the new DCI formats for USS monitoring and assuming the UL and DL URLLC DCI formats to be size-aligned, neither the number of CCEs for PDCCH monitoring nor the number of required BDs will be increased compared to the option of configuring the non-fallback DCI formats for URLLC operation. The only thing that is impacted by this additional flexibility and optimization for mixed URLLC & eMBB traffic operation is the number of DCI sizes to be monitored (i.e. effect on the DCI size budget). One may now argue, that in case the URLLC configurability is done for the fallback DCI on USS the same would be possible as well as the non-fallback DCI can still be optimally used for eMBB operation. We would like to note here, that this in the end will result in the same issue in terms of DCI size budget, as the size of the fallback DCI on CSS (which cannot be modified) and the configured URLLC DCI formats again would not be aligned. Therefore, to limit the specification impact in terms of changing the fallback DCI formats dramatically, we prefer the introduction of new DCI formats instead.
Based on the discussion above we see the limitations of modifying the existing non-fallback DCI formats to operate URLLC for a mixed traffic UE to be too restrictive and are in favor of introducing new DCI formats for scheduling URLLC traffic.
Observation 2-1: Introducing new DCI formats for URLLC scheduling retains the optimized scheduling flexibility of the non-fallback DCI formats for eMBB operation for mixed traffic UEs. In contrast, using modified non-fallback DCI formats for URLLC operation may impact the eMBB operation efficiency for mixed traffic UEs. 
Proposal 2-1: Introduce a new UL and DL DCI format for Rel-16 URLLC scheduling. 

Coming together with the introduction of a new DCI format, current DCI size budget needs to be revisited. In Rel-15, if format 0_0/1_0 are configured in both CSS and USS, format 0_1/1_1 are configured in USS, to satisfy the budget of 3 DCI sizes for C-RNTI based DCIs, likely we have the following configuration:
· Format 0_1 and 1_1 are likely to be different sizes, so they use 2 C-RNTI-based DCI sizes.
· format 0_0/1_0 in CSS and USS, 1 C-RNTI based DCI size is taken. 
Adding new DCI formats, which can have different size(s), requests enhancement on DCI size budget. This should not be an issue as for Rel-16 more powerful UE is expected and the discussion on promoting the UE monitoring capability is ongoing for a long time. So we propose to enhance the UE DCI size budget from “3+1” to at least “4+1” (assuming the new DCI formats for DL and UL are size-aligned) for Rel-16 URLLC transmission. 
Proposal 2-2: Enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC transmission. 
 
Configuration of R16 URLLC format for flexible scheduling
To maximize the scheduling flexibility of the new URLLC DCI format and at the same time minimize the discussion/specification effort, in general we would like to make all fields (using Rel-15 non-fallback DCI as baseline) configurable and at least retain the value range. Besides what have been agreed, to enhance the new DCI format design and provide even smaller size for URLLC DCI, we have the following proposals. 
Frequency domain resource allocation (FDRA):
In Rel-15, two types of frequency domain resource allocation are specified, RA type 0 (i.e. using bitmap indication) and RA type 1 (i.e. starting symbol with length indication). At RAN1#97, the support of at least RAN type 1 for scheduling URLLC PDSCH has been agreed and the decision to also support RA type 0 for PDSCH is still pending. Clearly, the number of bits required for RA type 1 for the same RBG size and continuously allocated PRBs will be smaller compared to type 0. But on the other hand, RA type 1 does not provide the option to schedule a URLLC PDSCH in a slot around some already allocated (slot-based) eMBB PDSCH whereas RA type 0 allows this option and therefore gives increased flexibility for inter-UE eMBB and URLLC multiplexing. In addition, RA type 0 allows for improved frequency diversity as the PRBs can be better distributed across the PRBs of a serving cell. We see these benefits to be worth harvesting and therefore suggest to also support RA type 0 for URLLC scheduling. 

Proposal 2-3: Support also FDRA type 0 for the new DCI formats scheduling PDSCH and PUSCH.

To compress the field bitwidth for FDRA, coarser granularity can be considered because for URLLC transmission usually lower MCS is needed to meet the reliability requirement and shorter duration is needed to meet the latency requirement, and thus larger chunks of frequency domain resources are scheduled so the transmission is completed within tight latency requirement. 
 
For RA type 0, a multiplier K could be introduced in RRC signalling, and based on the multiplier the granularity of bitmap indication is expressed in multiple of RBGs. In this way, the field bitwidth is compressed by a factor of 1/K resulting in a reduction of the FDRA overhead by K. The absolute number of bits saved depends on the multiplier K configured in RRC signalling, the size of active bandwidth part and the RBG configuration type (applicable to both configuration 1 and 2). Alternatively, additional FDRA configurations (e.g. configuration 3, 4,…) could be considered but then again, it will be up to 3GPP to define the exact size of the related RBG size for each of the potential additional configuration whereas a configurable multiplication factor K allows the gNB to balance the trade-off between FDRA granularity and the related DCI overhead directly by gNB configuration. The related number of bits for the Rel-15 type 0 as well as the additional savings by using a multiplication factor K are shown in Table 2-1 below. As can be seen, for smaller BWP sizes using Rel-15 type 0 with configuration 2 will already reduce the DCI payload size compared to the fallback DCI applying RA type 1 (e.g. 4 and 6 bits saving for 52 & 106 PRBs, respectively). A further DCI field size reduction is then possible using the multiplication factor.   

Table 2-1: Required number of FDRA bits for Type 0 RA compared to fallback DCI
	BWP size (RB)
	52 RBs
	106 RBs
	264 RBs

	Type 1 in Rel15 (fallback DCI)
	11 bits
	13 bits
	16 bits

	Type 0, Config. 1 – Rel-15 
	13 bits
	14 bits
	17 bits

	Type 0, Config. 2 – Rel-15 
	7 bits
	7 bits
	17 bits

	Type 0, Config. 1 – K=2
	7 bits
	7 bits
	9 bits 

	Type 0, Config. 2 – K=2
	4 bits
	4 bits
	9 bits 

	Type 0, Config. 1 – K=4
	4 bits
	4 bits
	5 bits 

	Type 0, Config. 2 – K=4 
	2 bits
	2 bits
	5 bits 




Proposal 2-4: Introduce a configurable multiplier to the RBG size for resource allocation type 0 to enable a configurable DCI field size reduction of the frequency domain resource allocation. 

It was agreed in RAN1 #97 that Type 1 frequency domain resource assignment will be support for Rel-16 URLLC PDSCH scheduling. Two options are still on the table for further down-selection, namely a single (option 1) and separately (option 2) configurable granularities for starting point and length indication. With the starting point indicated in RB or at least with finer granularity compared to the length indication may keep the flexibility for the gNB to operate in different conditions with multiplexing assumptions (i.e. URLLC only / mix of URLLC and eMBB traffic) and enable better frequency domain multiplexing of already scheduled longer eMBB PDSCH with later assigned URLLC PDSCH. On the other hand, one common configurable granularity for both starting point and length indication does simplify the system configuration and lower the specification effort and RRC overhead. We see the flexible multiplexing of eMBB and URLLC traffic to be essential and therefore prefer adopting separately configurable granularities for starting point and length. 

Proposal 2-5: Support separately configurable coarser starting point and length indication granularity for RA type 1 for URLLC scheduling. The supported configurable granularity valuesare FFS. 


In Table 2-2 below we show the required number of bits for RA type 1 assuming a single, common starting point & length granularity of 2, 4, 8 and 16 PRBs. Considering the step size as a type of RBG definition for RA Type 1, the required number of bits is therefore given by [image: ].

Table 2-2: Required number of FDRA bits for Type 1 RA with increased step size
	BWP size (RB)
	52 PRBs
	106 PRBs
	264 PRBs

	Type 1 in Rel15 (fallback DCI)
	11 bits
	13 bits
	16 bits

	Type 1 with a stepsize=4
	7 bits
	9 bits
	12 bits

	Type 1 with a stepsize=8
	6 bits
	7 bits
	10 bits

	Type 1 with a stepsize=16
	2 bits
	5 bits
	8 bits




Time domain resource assignment​:
In RAN1 #97, configuration of TDRA table as Rel-15 DCI format 1_1 is agreed to be supported for Rel-16 URLLC. Time domain resource assignment will be indicated by table index and redirected to K0 and SLIV settings. To enhance the time domain resource assignment and possibly decrease the TDRA field size, the starting symbol value S for PDSCH URLLC application could be redefined to change the reference point from slot boundary to the start of the scheduling PDCCH transmission, as especially for URLLC scheduling having the DL assignment transmitted much in advance of the PDSCH seems against the logic of low latency communication. Therefore, only a smaller number of states of S will be needed in the TDRA table compared to the case of having the reference at the slot boundary. Looking at the supported PDSCH mapping types in Table 5.1.2.1-1 of TS 38.124, clearly PDSCH mapping Type A would be better fitting to the changed reference timing definition but the restriction of not allowing L<3 could be revisited accordingly (i.e. L=2 should be supported). Alternatively, a new PDSCH mapping type for URLLC (i.e. Type C) could be considered.
Proposal 2-6: The reference point for the starting symbol of TDRA for PDSCH can be the starting of the PDCCH transmission. Modifications to PDSCH mapping types (e.g. L=2 for Type A) or introducing a new PDSCH mapping type are FFS. 
One issue is brought up during the offline discussion in RAN1#97 associating with the proposal of changing the time reference point S is if the proposal is compatible with semi-static HARQ codebook in Rel-15. Because semi-static codebook is constructed by pruning the possible PDSCH transmission occasions and collecting the HARQ bits for each of the possible occasion, changing the reference point S from slot boundary to the starting point of PDCCH transmission will certainly complicate the procedure as there could be multiple PDCCH monitoring occasions within a slot. However, straightforward extension from Rel-15 procedure would be sufficient to make the new design work. With S referring to the starting point of PDCCH transmission, the procedure determining the HARQ-ACK codebook is based on the following factors, 
· PDSCH-to-HARQ_feedback timing values K1
· PDSCH time domain resource allocation (TDRA) table (with S referred to the starting of PDCCH)
· The ratio  between the downlink SCS configuration  and the uplink SCS configuration  if different numerology between DL and UL is configured
· TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated as described in Subclause 11.1 of TS38.213 [4].
can be modified and illustrated with an example as below: 
Step1: based on K0 and SLIV in the RRC configured TDRA table (illustrated in Fig.2-1), the possible transmission occasions for PDSCH are determined. 

[image: ]
Figure 2-1. determining the possible transmission occasions for PDSCH within a slot.
Step2: determine the HARQ window size based on K1, here we assume for the example, K1 values are {5, 6, 7},  and  is the same and the TDD UL/DL slot configurations are shown as in Fig. 2-2. 
[image: ]
Figure 2-2. determining the HARQ window size.
Step3: for each K1, determine the candidate PDSCH occasions in each slot if there is no conflicting with the TDD UL/DL slot configurations and there is no overlapping among the candidates before one common ending symbol (according to the pseudo-codes in TS 38.213 section 9.1.2.1)
· For K1=7, no conflicting with the TDD UL/DL slot configuration is identified. The remaining PDSCH candidates are shown in Fig. 2-3. MA,C={0, 1, 2, 3}.

[image: ]


Figure 2-3. determining the PDSCH candidates for K1=7.

· For K1=6, candidate RI 3’ is excluded due to the conflicting with TDD UL/DL slot configuration and the PDSCH candidates are shown in Fig. 2-4. MA,C={0, 1, 2, 3, 4, 5, 6}.
[image: ]
Figure 2-4. determining the PDSCH candidates for K1=6.

· For K1=5, as it is a UL slot, all candidates are excluded. So there are not HARQ bits generated for K1=5, MA,C={0, 1, 2, 3, 4, 5, 6} remains.
With MA,C={0, 1, 2, 3, 4, 5, 6}, semi-static HARQ codebook bits can be determined according to TS38.213 section 9.1.2.1.
Looking from the procedure above, a straightforward extension of Rel-15 semi-static HARQ codebook procedure can make it compatible with the changing of reference point from slot boundary to the starting point of PDCCH transmission.
Proposal 2-7: Reuse the principle of Rel-15 semi-static HARQ codebook construction procedure and extend it for Rel-16 URLLC DCI when the reference point of PDSCH TDRA is changed from slot boundary to the starting point of PDCCH transmission.


Modulation and coding scheme​:
As for URLLC transmission the link adaption algorithm is usually designed conservatively to guarantee the reliability requirement, less entries in the MCS table may be needed for URLLC compared to eMBB transmission. There was a proposal to use the lowest 8 entries for URLLC transmission to reduce the size of the MCS field to 3bits, however this hard reduction overlooks the possibility that UE might be in a good channel condition and could use the opportunity to transmit with higher MCS. One way to enhance the proposal, compress the MCS field while keep the possibility to schedule UE to transmit within a wide range of channel conditions without losing performance, is to add an anchoring index combined with 4 (2bit), 8 (3bit) or 16 (4bit) continuous entries within the MCS table.

[image: ]
Figure 3-1: The anchoring index and 8 continuous entries in MCS table.

As shown in Fig. 3-1, the anchoring index is RRC configured for the UE and could be any entry in the legacy MCS table. The 8 continuous MCS entries in the example of Figure 1 starting from the anchoring index are signalled with 3 bits in DCI and represent the deviation from the anchoring index. Together with the anchor index, the gNB may configure the number of bits in the DCI field to define the number of different MCS entries which can be dynamically signalled in the DCI (0-4 bits). If the URLLC UE stays within a stable environment and the gNB would not need the option of link adaptation, in principle 0bits for MCS in the DCI could be configured and the anchoring index could directly give the applicable MCS for all UL-SCH & DL-SCH communication leading bits saving up to 5 bits compared to fallback DCI. 

Another alternative discussed already during the Rel-15 discussions would be to make the MCS table size as well as the related MCS entries fully configurable (e.g. using a 32bit bitmap), resulting in a higher RRC signalling overhead. This enables any combination of MCS entries, including the possibility of having the entries non-continuous and spread over a larger range of MCS values as well as the inclusion of selected ‘reserved’ MCS entries for HARQ re-transmission. This may be especially of interest, if the same DCI is used to schedule eMBB and URLLC traffic for a single UE and therefore a different range of MCS entries may be required for the eMBB and URLLC operation. Following the general design principle of the new configurable DCI format, to provide as much flexibility as possible and to reduce the DCI size at the same time by configuration, we propose to adopt fully configurable MCS table entries where the resulting size of the MCS table defines the MCS field size. 

Proposal 2-8: Support fully configurable MCS table entries where the number of configured entries determines the size of the MCS field. 

HARQ process number​: ​
To guarantee the high reliability requirement within tight latency requirement of URLLC transmission, gNB scheduling is usually quite conservative and HARQ retransmission rarely happens. Moreover, within the tight latency bound there may not be even the option to perform extensive HARQ retransmissions and a lower number of HARQ processes may be sufficient. As already for the case for Rel-15 SPS and CG as well as dynamically scheduled PDSCH, the number of applicable HARQ processes could be also higher layer configured for dynamically scheduled PUSCH operation. The number of HARQ processes for dynamically scheduled PDSCH and PUSCH could then determine the respective bit field size in the DCI.  

Proposal 2-9: Support a configurable number of HARQ processes for dynamically scheduled PUSCH (similarly as already supported for Rel-15 DG PDSCH using nrofHARQ-ProcessesForPDSCH). The number of configured HARQ processes for DG PUSCH and DG PDSCH are used to determine the respective field sizes of the HARQ process number. 

Redundancy version: ​
Clearly, the latency will reduce the possible HARQ-retransmission possibilities for URLLC and for certain latency targets the communication will need to fully rely on single shot transmissions. Therefore, there may not be a need to dynamically indicate the applicable RV with 2bits in the DCI (and may even not be needed at all). Moreover, for very low spectral efficiency /MCS operation (typical for highly reliable transmissions), the gain of incremental redundancy will be very much limited. But again, if the same DCI is to be used for URLLC and eMBB operation of a single UE, the RV flexibility may still be required. Therefore, a configurable size of the RV field (0/1/2bits) in the scheduled DCI is suggested. In case of no RV indication in the DCI RV0 is to be applied (supporting only chase combining) and for 1bit RV redundancy versions {0, 3} are suggested to be used. 

Proposal 2-10: Support a configurable redundancy version field size of 0, 1 or 2 bits. In case of 0-bit RV indication RV0 is to be applied, and in case of 1-bit RV either RV0 or RV3 is to be dynamically indicated.

Antenna ports, SRS request, TCI and DM-RS sequence initialization: 

To enable the MIMO features with full scheduling flexibility and also minimize the new DCI format size when MIMO is not applicable, MIMO related fields in general can be configured to zero bit and the full value range as Rel-15 non-fallback DCI shall be supported in addition. Note that though TB2 is not applied to the new format, the value range of these MIMO fields are kept unchanged, only the interpretation in TS38.212 Table 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 is simplified. 
Proposal 2-11: Support configurable MIMO related fields, including Antenna ports, SRS request, TCI and DM-RS sequence initialization. The fields can be configured to zero bit and with a full value range as Rel-15 non-fallback DCI supported. 

PUCCH resource indicator​, PDSCH-to-HARQ_feedback timing indicator​, and downlink assignment index​:

These fields are discussed as part of the WID in AI 7.2.6.2. Therefore, the required flexibility in terms of DAI, PUCCH resource & PDSCH-to-HARQ feedback timing indication will only be known after having a clearer picture of the Rel-16 URLLC UCI operation. Therefore, we suggest to post-pone the discussions after having more clarity of the outcome of UCI enhancements. 

Proposal 2-12: Post-pone the discussions on potential field size reduction of PUCCH resource indication, PDSCH-to-HARQ feedback timing indication and DAI until after having (more) clarity on the supported Rel-16 UCI enhancements for URLLC. 

With the proposed configurability in this section, we present the summary of the needed bits in Table 2-3 for the case of 106 PRBs. As can be seen from here, clearly a saving of 10-16 bits compared to the Rel-15 fallback DCI is feasible. 
Table 2-3: Number of bits based on the proposed configurability
	DCI field
	# bits for Rel-15 fallback DCI
	# bits for URLLC DCI

	Frequency domain resource allocation (106 PRBs)
	13

	2-14

	Time domain resource allocation
	4
	0-4

	HARQ process
	4
	0-4

	MCS
	5
	0-5

	RV
	2
	0-2



Observation 2-3: With the proposed enhancements, the target of DCI size reduction of 10-16 bits can be achieved. 

Size alignment between the new DCI format and Rel-15 fallback DCI
As one of the objectives of DCI enhancement for AI 7.2.6.1, size alignment between the new DCI format and legacy Rel-15 fallback DCI is identified in [1], the motivation of which is for DCI size budget saving and/or # of CCEs/BDs limit. One issue coming with the size alignment between the new DCI format and the legacy fallback DCI in Rel-15 is how to separate the two formats with the same size.
Based on company’s contributions to previous meetings the following options to differentiate the URLLC DCI and fallback DCI have been identified: 
· Using different CORESETs or search spaces for the different DCIs of same size
· Example 1: use different search space sets to differentiate fallback DCI on USS and URLLC DCI on USS when they are size-aligned.
· Example 2: CSS / USS differentiation for fallback DCI on CSS and URLLC DCI on USS when they are size aligned
· Using an explicit indication (e.g. differentiation bit) in the DCIs
· Using different RNTI for the size aligned fallback DCI and DCI scheduling URLLC

Using different CORESETs or search spaces to differentiate the DCIs of same size on USS is only solving the DCI size budget but is not really helping the scheduling operation otherwise. Let’s assume the gNB would like to have X BDs for fallback DCI and Y BDs for URLLC DCI per certain time unit (such as a slot), still the UE would need to perform X+Y BDs, so one of the main motivations of the DCI size alignment itself is therefore not provided by this method. Similarly, using different CORESETs or search spaces may increase the required number of #CCEs for UE monitoring. Therefore, we think that other methods should be considered further. 
Observation 2-4: Using different CORESETs or search space sets for differentiating the size-aligned fallback DCI on USS and URLLC DCI on USS cannot provide the BD reduction intended by the DCI size alignment procedure. 
Now let us further consider the option of using CSS and USS differentiation for fallback DCI on CSS and URLLC DCI on USS when they are size aligned. In Rel-15 as fallback DCI scheduled in CSS and USS may perfectly overlap and cannot be distinguished, UE assumption is specified to resolve to problem, that UE only decodes the fallback DCI in CSS [3]. This method can certainly be reused if the UE only decodes the fallback DCI in CSS and is not configured to monitor for the fallback DCI in USS. For a UE having only URLLC traffic this is directly applicable. But when having a mixed traffic UE in mind, as discussed in Sec. 2.1, this is again depending on the assumption if a new DCI formats for URLLC are introduced or not – and how the eMBB traffic is to be scheduled (using the fallback DCI, URLLC DCI, or non-fallback DCI if having URLLC DCI introduced). If for such mixed UE the fallback operation on USS (e.g. for eMBB operation) would still be required, this method alone is not sufficient. Therefore, using USS / CSS to differentiate the DCI formats of same size may not be generically applicable.
Observation 2-5: Using CSS / USS to differentiate the size-aligned fallback DCI on CSS and URLLC DCI on USS is not sufficient as a stand-alone solution if the fallback DCI is also configured in USS and is size-aligned with fallback DCI in CSS.
Another method is to add one format indication bit to the new DCI format. Even though we have an agreement that Rel-15 fallback DCI will not be modified in CSS, adding one indication bit when it is scheduled in USS is still on the table. Introducing this one bit will increase the DCI size by one bit, which should not have any significant impact on the decoding performance. If not handled otherwise, the size alignment procedure for fallback DCI in USS and CSS does not work any more because fallback DCI in USS would have 1 more bit, which would increase the number of DCI sizes to be monitored. In Rel-15, when the fallback DCI in USS needs to be size aligned with the fallback DCI on CSS, FDRA field of the fallback DCI in USS can be adjusted to match the size of the field in CSS, in order to meet the DCI size budget. Same solution can be applied again here. We can add one format indication bit in fallback DCI in USS and further reduce the FDRA field size to make it size aligned with fallback DCI in CSS. If the DCI size budget is not of concern (e.g. if the DCI size budget is increased to “4+1” as proposed in Proposal 2-2), such additional optimizations would not be required. Overall, using this method is somehow along the spirit of the DCI format differentiation of the fallback DCI and would be generically applicable. In contrast to USS CORESET and search space differentiation, the number of BDs is not increased. 
Observation 2-6: Using explicit indication in the DCI format to differentiate the size-aligned fallback DCI on USS and URLLC DCI on USS is generically applicable. The size alignment between the fallback DCI on CSS and USS can be further considered, in case the DCI size budget is of concern.  
The idea of using different RNTIs is extensively used in LTE and Rel-15 NR, such as CG/SPS and dynamic scheduling as well as the URLLC MCS table in Rel-15 NR. As such, using different RNTIs is generically applicable, does not increase the USS BDs but from UE perspective overall will increase the false-alarm rate. For simplicity, assuming the same X PDCCH candidates/BDs for monitoring of fallback and URLLC DCI, the false alarm rate will be given by an equivalent of 2*X BDs. Therefore, if false-alarm rate is of concern (as pointed out by some companies), then the RNTI differentiation should not be used. 
Observation 2-7: Using different RNTIs to differentiate the size-aligned fallback DCI and URLLC DCI is generically applicable but increases the overall false-positive decoding probability. 
To summarize the discussions here, we prefer to further discuss only the generically applicable methods for the DCI format differentiation, namely using different RNTIs or an explicit indication in the DCI. 
Proposal 2-11: Restrict the further discussions on the differentiation of the size-aligned fallback DCI and URLLC DCI on the options of explicit indication in the fallback DCI and applying different RNTIs.
  
Increased PDCCH monitoring capability
It has been agreed to increase at least the maximum number of CCEs per slot for some SCS(s). In RAN1#97, the following was agreed regarding the framework for defining the increased PDCCH monitoring capability:
Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  

Agreements:
· The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	
	
	
	
	
	

	Combination 2
	
	
	
	
	
	

	…
	
	
	
	
	
	

	Note: 
· The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 


· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  

Enhanced PDCCH monitoring capability on the number of CCEs for channel estimation
[bookmark: _Hlk510133084]The following is the definition of UE feature FG-3-5b (All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap) in Rel-15. The candidate value set for (X, Y) include {(7, 3), (4, 3) and (7, 3), (2, 2) and (4, 3) and (7, 3)}.
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.



Modification on the definition of span in FG-3-5b
One issue about directly reusing the definition of span in FG-3-5b is the definition of the span duration. The span duration of max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} (except possibly the last span in a slot which can be of shorter duration) may not be appropriate for URLLC any more. This is illustrated in Figure 3-1. Assume that a UE reports {(2, 2) (4,3) (7,3)} and it is configured with two monitoring occasions within a slot each having a length of 2 symbols. Following the definition of the span duration in FG-3-5b, the span duration is 2 symbols. This implies that the configuration would need to follow (X,Y)=(2,2). With Rel-16 enhancements, the expectation is that there will be different number of CCEs/BDs defined/reported for different (X, Y) combinations (unlike in Rel-15 there is only the total number of CCEs/BDs in a slot), and the maximum number of CCEs/BDs per span would be smaller for (2,2) than for (4,3) or (7,3). If we are forced to follow (2,2) in this case, the maximum number of CCEs/BDs would be smaller than what the UE can actually support e.g. with (7,3), for which the PDCCH configuration can also satisfy the span duration/separation constraints. This is not an issue for Rel-15 because the maximum number of CCEs/BDs is defined per slot, not per span. But now the Rel-15 span duration definition creates an issue for URLLC, which unnecessarily degrades the performance.
[image: ]
Figure 3-1 Impact of the definition of span duration
Therefore, to fully utilize the UE capability, rather than using minimum value of Y in the UE reported candidate value, any reported combination (X, Y) should be allowed to be used as long as the span duration/separation constraints are satisfied.
Proposal 3-1: The definition of span separation/duration (X, Y) in FG-3-5b is reused for defining enhanced PDCCH monitoring capability in Rel-16, except that “The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.” is removed.
· That is, a particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for any (X, Y) and the corresponding maximum number CCEs[/BDs] per span in the UE reported candidate value set in every slot, including cross slot boundary.

Same or different limit for different spans in a slot
For a UE capable of the enhanced monitoring capability, if it is configured with slot-based PDCCH monitoring only, it should be covered by the basic PDCCH feature FG-3-1, which is a mandatory feature for all the UEs. Therefore, the UE should be able to support at least Rel-15 CCE/BD capability in this case, regardless of how new UE features are defined for URLLC in Rel-16.
Observation 3-1: Slot-based USS monitoring only can be covered by FG-3-1 (mandatory for all UEs), and no consideration is needed in the framework for enhanced PDCCH monitoring.
CSS can appear anywhere in a slot, not just the beginning of a slot. Given the uncertainty, it is almost impossible to have special consideration on CSS when defining the new framework.
Proposal 3-2: There is no special consideration for CSS in the framework for enhanced PDCCH monitoring.
For a UE that may be configured with both slot-based monitoring and sub-slot-based monitoring, the question is whether the framework for enhanced PDCCH monitoring can possibly be tailored to support such a case in a better way, e.g. by having unequal numbers defined in different spans.
We see some difficulty in doing so, because how PDCCH is configured is totally up to gNB implementation. If we want to pre-define some splits between slot-based and sub-slot-based monitoring, a reasonable number of combinations would be required in order to cover a variety of possibilities.
In addition, if a UE is able to support a particular number of CCEs/BDs in the first span in a slot, and if processing pipelining is somewhat perfect, then the same number can also be supported in the subsequent spans. This means that the same number for all the spans may be the more natural outcome of UE implementation.
Proposal 3-3: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot.
With the same limit C for all the spans but with potentially different number of CCEs (and BDs) configured in different spans, the current dropping rule of dropping the entire search space set when the limit is exceeded in a slot can be very inefficient. If per-span limit is also adopted for the maximum number of BDs, per-span dropping rules can be considered. In addition, dropping certain candidates instead of the entire search space set would also allow the gNB to better utilize the UE monitoring capability.
Proposal 3-4: Enhanced PDCCH candidate dropping rules (e.g. per-span dropping, candidate-level dropping instead of SSS-level dropping) can be studied further.
The candidate value set for (X, Y) and C
The candidate value set for (X, Y) and the corresponding values for C needs to be determined. Some candidates for (X, Y) that had been discussed include for example (1, 1), (2, 1), (2, 2), (4, 1), (4, 3), (7, 1), (7, 2), (7, 3). We have the following considerations on the candidate set:
· In Rel-15, the limit is defined per slot but the monitoring occasion(s) can be configured anywhere within a slot. E.g. all the PDCCH candidates can be configured in a single monitoring occasion (1 or 2 or 3-symbol CORESET), and the UE needs to be able to process them. When defining the enhanced monitoring capability, even if we assume Rel-15 processing capability for a UE, for some (X, Y) combinations, there should be sufficient time between the spans for the UE to complete the PDCCH decoding, given that the UE needs to complete the PDCCH decoding fast enough to satisfy the PDSCH/PUSCH processing/preparation time requirements (assuming UE capability 2). This means that the Rel-15 limit per slot can be supported per span in the new framework without requiring additional UE processing capability. Instead, the UE just reuses the same processor(s) for the next span because the processing in the previous span was already done. Note that especially for C, it is just the number of CCEs for channel estimation, which is only a small part of PDCCH decoding.
· This should be the case at least for (7, 1), (7, 2) and (7, 3). Further, if the C values for these 3 combinations are the same, it would be sufficient to keep just (7, 3) because any PDCCH configurations fitting into (7, 1) or (7, 2) can also be covered by (7, 3) with Proposal 3-1.
· This should also be likely the case for (4, 1) and (4, 2).
· It can be considered further whether to include the combinations that are used mainly to support 3-symbol CORESET (e.g. (4, 3)), because this is a less likely case especially for URLLC. Alternatively, it can be considered unnecessary to optimize the values too much for these combinations.
· Span separation of 2, 4, and 7 symbols are suitable for providing 7, 3, and 2 monitoring occasions in a slot, respectively. None of these is a good fit for providing 4 monitoring occasions in a slot, which is an important case for URLLC. In this sense, it would be desirable to e.g. introduce a span separation of 3 symbols.
Proposal 3-5: Use the following table as the starting point for defining the enhanced PDCCH monitoring capability on the maximum number of CCEs for channel estimation per span.
	
	X
	Y
	C (per span)

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	[1]
	[1]
	[32]
	[32]
	[24]
	[18]

	Combination 2
	2
	1
	[48]
	[48]
	[36]
	[24]

	Combination 3
	2
	2
	[48]
	[48]
	[36]
	[24]

	Combination 4
	3
	1
	56
	56
	48
	32

	Combination 5
	3
	2
	[56]
	[56]
	[48]
	[32]

	Combination 6
	[3]
	[3]
	[48]
	[48]
	[36]
	[24]

	Combination 7
	4
	2
	56
	56
	48
	32

	Combination 8
	[4]
	[3]
	[56]
	[56]
	[48]
	[32]

	Combination 9
	7
	3
	56
	56
	48
	32

	Reference: per-slot limit in Rel-15
	56
	56
	48
	32



Whether (X, Y) and the corresponding number of CCEs/BDs per span should be defined in specifications or as part of UE features can be decided later after we know more details about the enhanced capability, e.g. how many combinations we need to handle, what values would be reasonable for UE implementation, etc. Generally speaking, there is a strong preference to avoid defining different UE categories for this purpose, but at the same ensuring sufficient numbers of CCEs are defined.

Enhanced PDCCH monitoring capability on the number of BDs
Besides the number of CCEs, the number of BDs supported per slot in Rel-15 is also very limited for URLLC applications that require multiple monitoring occasions within a lot, which impacts the PDCCH blocking probability. As an example, 44 BDs are available for SCS of 15kHz. If we assume 8 BDs for CSS, the UE monitors two DCI sizes on USS, and there are 4 monitoring occasions within a slot, it gives only 4 BDs per DCI size per monitoring occasion (which need to also cover different ALs). This is obviously extremely insufficient even without any simulation.
In comparison to LTE sTTI, NR case 2 supports 44 BDs, while LTE sTTI supports 12 (CSS) + 48 (USS, 1ms TTI, for UEs supporting UL MIMO) + 36 (USS, sTTI) = 96 BDs on a carrier (for detailed calculation please see [5]). There is certainly a big gap.
To understand better the impact of the number of BDs, we have performed some evaluation on the blocking probability with different assumptions on the number of BDs. The evaluation is based on some simplified assumptions:
· A total of 34 CCEs in the CORESET
· This corresponds to the case of 2-symbol CORESET with 40 MHz bandwidth and 30kHz SCS.
· Distribution of ALs (based on PDCCH link level performance assume 10-5 target BLER and the geometry from the system level) is as follows:
	AL
	1
	2
	4
	8
	16

	Probability
	27%
	28%
	33%
	11.5%
	0.5%


· The number of UEs to be scheduled per monitoring occasion: 2 to 8 (an input parameter)
· The number of candidates for each AL is also an input parameter. The following numbers for ALs (1, 2, 4, 8, 16) has been simulated:
· (2, 2, 2, 1, 1) – 8 candidates per monitoring occasion
· (4, 4, 2, 2, 2) – 14 candidates per monitoring occasion
· (6, 6, 2, 2, 2) – 18 candidates per monitoring occasion
· The output is the blocking probability.
· The simulation performs an exhaustive search among all the feasible candidates (with ALs that can satisfy 10-5 target BLER) of all the UEs to maximize the number of UEs that can be scheduled at a time. Each monitoring occasion is independently simulated.
[image: ]
Figure. 3-2 Blocking probability for different number of UEs and different number of candidates for each AL.
As can be seen from Figure 3-2, the blocking probability improves as more candidates become available. Note that the assumed number of candidates is already beyond what can be supported in Rel-15 in case of 4 monitoring occasions per slot. Reducing the blocking probability by one order (e.g. from 10-2 to 10-3) can be critical for URLLC because it immediately affects the latency of the final packet delivery.
Observation 3-2: The maximum number of BDs in Rel-15 is not sufficient for URLLC with multiple monitoring occasions per slot. Increasing the limit would alleviate its impact on PDCCH blocking probability and improve URLLC performance.

The above discussion focuses on the necessity to enhance the BD monitoring capability. Now we take a pragmatic approach to discuss the feasibility of doing so. Even though it has only agreed to increase CCE monitoring capability so far, if we adopt the framework to define the enhanced monitoring based on span, it would make sense to apply the same framework to the number of BDs as well. Firstly, this makes sense from UE dimensioning point of view when designing pipelining. Secondly, if we keep Rel-15 framework for the number of BDs, we would have CCE limit on span-basis and BD limit on slot-basis. This may create complication and inefficiency when handling PDCCH overbooking/dropping. For example, if the number of CCEs in a particular span and the number of BDs in the slot is exceeded due to the CSS in the span, candidates in USS (assuming a single USS is configured) in the entire slot would be dropped following Rel-15 principle. On the other hand, if the number of BDs also adopts the per-span limit, only the USS candidates in the span would need to be dropped.
Observation 3-3: If span duration/separation is adopted as the framework to define the enhanced CCE monitoring, it makes sense to use the same framework for the enhanced BD monitoring to be more friendly to UE pipelining design and avoid inefficient handling in BD overbooking/dropping.
An example table for the maximum number of BDs can be the following:
	
	X
	Y
	M (per span)

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	[1]
	[1]
	[12]
	[10]
	TBD
	TBD

	Combination 2
	2
	1
	[20]
	[16]
	TBD
	TBD

	Combination 3
	2
	2
	[20]
	[16]
	TBD
	TBD

	Combination 4
	3
	1
	44
	36
	22
	[20]

	Combination 5
	3
	2
	[30]
	[24]
	[14]
	TBD

	Combination 6
	[3]
	[3]
	[22]
	[18]
	[10]
	TBD

	Combination 7
	4
	2
	44
	36
	22
	[20]

	Combination 8
	[4]
	[3]
	[30]
	[24]
	[14]
	TBD

	Combination 9
	7
	3
	44
	36
	22
	20

	Reference: per-slot limit in Rel-15
	44
	36
	22
	20



Conclusion
In this contribution, we discuss the Rel-16 DCI scheduling URLLC traffic and have the following related proposals and observations:
Observation 2-1: Introducing new DCI formats for URLLC scheduling retains the optimized scheduling flexibility of the non-fallback DCI formats for eMBB operation for mixed traffic UEs. In contrast, using modified non-fallback DCI formats for URLLC operation may impact the eMBB operation efficiency for mixed traffic UEs. 
Proposal 2-1: Introduce a new UL and DL DCI format for Rel-16 URLLC scheduling. 
Proposal 2-2: Enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC transmission. 
Proposal 2-3: Support also FDRA type 0 for the new DCI formats scheduling PDSCH and PUSCH.
Proposal 2-4: Introduce a configurable multiplier to the RBG size for resource allocation type 0 to enable a configurable DCI field size reduction of the frequency domain resource allocation. 
Proposal 2-5: Support separately configurable coarser starting point and length indication granularity for RA type 1 for URLLC scheduling. The supported configurable granularity valuesare FFS. 
Proposal 2-6: The reference point for the starting symbol of TDRA for PDSCH can be the starting of the PDCCH transmission. Modifications to PDSCH mapping types (e.g. L=2 for Type A) or introducing a new PDSCH mapping type are FFS. 
Proposal 2-7: Reuse the principle of Rel-15 semi-static HARQ codebook construction procedure and extend it for Rel-16 URLLC DCI when the reference point of PDSCH TDRA is changed from slot boundary to the starting point of PDCCH transmission.
Proposal 2-8: Support fully configurable MCS table entries where the number of configured entries determines the size of the MCS field. 
Proposal 2-9: Support a configurable number of HARQ processes for dynamically scheduled PUSCH (similarly as already supported for Rel-15 DG PDSCH using nrofHARQ-ProcessesForPDSCH). The number of configured HARQ processes for DG PUSCH and DG PDSCH are used to determine the respective field sizes of the HARQ process number. 
Proposal 2-10: Support a configurable redundancy version field size of 0, 1 or 2 bits. In case of 0-bit RV indication RV0 is to be applied, and in case of 1-bit RV either RV0 or RV3 is to be dynamically indicated.
Proposal 2-11: Support configurable MIMO related fields, including Antenna ports, SRS request, TCI and DM-RS sequence initialization. The fields can be configured to zero bit and with a full value range as Rel-15 non-fallback DCI supported. 
Proposal 2-12: Post-pone the discussions on potential field size reduction of PUCCH resource indication, PDSCH-to-HARQ feedback timing indication and DAI until after having (more) clarity on the supported Rel-16 UCI enhancements for URLLC. 
Observation 2-3: With the proposed enhancements, the target of DCI size reduction of 10-16 bits can be achieved. 
Observation 2-4: Using different CORESETs or search space sets for differentiating the size-aligned fallback DCI on USS and URLLC DCI on USS cannot provide the BD reduction intended by the DCI size alignment procedure. 
Observation 2-5: Using CSS / USS to differentiate the size-aligned fallback DCI on CSS and URLLC DCI on USS is not sufficient as a stand-alone solution if the fallback DCI is also configured in USS and is size-aligned with fallback DCI in CSS.
Observation 2-6: Using explicit indication in the DCI format to differentiate the size-aligned fallback DCI on USS and URLLC DCI on USS is generically applicable. The size alignment between the fallback DCI on CSS and USS can be further considered, in case the DCI size budget is of concern.  
Observation 2-7: Using different RNTIs to differentiate the size-aligned fallback DCI and URLLC DCI is generically applicable but increases the overall false-positive decoding probability. 
Proposal 2-11: Restrict the further discussions on the differentiation of the size-aligned fallback DCI and URLLC DCI on the options of explicit indication in the fallback DCI and applying different RNTIs.

We further discuss the increased PDCCH monitoring capability and have the following observations and proposals:

Proposal 3-1: The definition of span separation/duration (X, Y) in FG-3-5b is reused for defining enhanced PDCCH monitoring capability in Rel-16, except that “The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.” is removed.
· That is, a particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for any (X, Y) and the corresponding maximum number CCEs[/BDs] per span in the UE reported candidate value set in every slot, including cross slot boundary.
Observation 3-1: Slot-based USS monitoring only can be covered by FG-3-1 (mandatory for all UEs), and no consideration is needed in the framework for enhanced PDCCH monitoring.
Proposal 3-2: There is no special consideration for CSS in the framework for enhanced PDCCH monitoring.
Proposal 3-3: The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot.
Proposal 3-4: Enhanced PDCCH candidate dropping rules (e.g. per-span dropping, candidate-level dropping instead of SSS-level dropping) can be studied further.
Proposal 3-5: Use the following table as the starting point for defining the enhanced PDCCH monitoring capability on the maximum number of CCEs for channel estimation per span.
	
	X
	Y
	C (per span)

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	[1]
	[1]
	[32]
	[32]
	[24]
	[18]

	Combination 2
	2
	1
	[48]
	[48]
	[36]
	[24]

	Combination 3
	2
	2
	[48]
	[48]
	[36]
	[24]

	Combination 4
	3
	1
	56
	56
	48
	32

	Combination 5
	3
	2
	[56]
	[56]
	[48]
	[32]

	Combination 6
	[3]
	[3]
	[48]
	[48]
	[36]
	[24]

	Combination 7
	4
	2
	56
	56
	48
	32

	Combination 8
	[4]
	[3]
	[56]
	[56]
	[48]
	[32]

	Combination 9
	7
	3
	56
	56
	48
	32

	Reference: per-slot limit in Rel-15
	56
	56
	48
	32



Observation 3-2: The maximum number of BDs in Rel-15 is not sufficient for URLLC with multiple monitoring occasions per slot. Increasing the limit would alleviate its impact on PDCCH blocking probability and improve URLLC performance.
Observation 3-3: If span duration/separation is adopted as the framework to define the enhanced CCE monitoring, it makes sense to use the same framework for the enhanced BD monitoring to be more friendly to UE pipelining design and avoid inefficient handling in BD overbooking/dropping.
An example table for the maximum number of BDs can be the following:
	
	X
	Y
	M (per span)

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	[1]
	[1]
	[12]
	[10]
	TBD
	TBD

	Combination 2
	2
	1
	[20]
	[16]
	TBD
	TBD

	Combination 3
	2
	2
	[20]
	[16]
	TBD
	TBD

	Combination 4
	3
	1
	44
	36
	22
	[20]

	Combination 5
	3
	2
	[30]
	[24]
	[14]
	TBD

	Combination 6
	[3]
	[3]
	[22]
	[18]
	[10]
	TBD

	Combination 7
	4
	2
	44
	36
	22
	[20]

	Combination 8
	[4]
	[3]
	[30]
	[24]
	[14]
	TBD

	Combination 9
	7
	3
	44
	36
	22
	20

	Reference: per-slot limit in Rel-15
	44
	36
	22
	20
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Appendix A
Definition of UE feature 3-1 in Rel-15 (Basic DL control channel)
	1) One configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size 
- PDCCH DMRS scrambling determination
- TCI state(s) for a CORESET configuration

2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16

- UP to 3 search space sets in a slot for a scheduled SCell per BWP
This search space limit is before applying all dropping rules. 

- For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot

3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
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