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Introduction
The URLLC L1 work item was approved in RAN#83 and later updated in RAN#84 [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 Formats 0_2 and 1_2 scheduling Rel-16 URLLC 
By the end of RAN1#98bis meeting, the following issues remain for the DCI enhancement topic for Rel-16 URLLC. 
1. For the formats 0_2 and 1_2: MIMO related fields, Type 0 FDRA support, new reference point for K0>0 case for TDRA field and MCS field are needed to be addressed. 
2. For the RRC parameter: new parameters and the corresponding configuration need to be designed for the remaining fields. 
3. For the DCI size budget enhancement: as formats 0_2 and 1_2 are introduced for Rel-16 URLLC, the enhancement on size budget based on Rel-15 capability is still to be proposed. 
4. Size alignment between the formats 0_2 and 1_2 and legacy formats: when the size of formats 0_2 and 1_2 are configured to be the same to the legacy formats or size alignment is enabled, the method to differentiate different formats needs to be decided. 
In this section, the above remaining issues for DCI enhancement will be discussed.  

Configuration of the DCI formats 0_2 and 1_2 for flexible scheduling
To maximize the scheduling flexibility of the DCI formats 0_2 and 1_2 and at the same time minimize the discussion/specification effort, in general fields in the legacy formats (using Rel-15 non-fallback DCI as baseline) are agreed to be configurable and the same value range as for Rel-15 NFB DCI formats for the DCI formats 0_2 and 1_2 should be provided. In this section, we discuss the remaining details on the DCI size configurability. 
Frequency domain resource allocation (FDRA) for DCI formats 0_2 and 1_2:
At RAN1#98bis, the details of Type 1 FDRA for scheduling URLLC PDSCH & PUSCH have been agreed with supported granularity values of {2, 4, 6, 8} PRBs for both starting point and length. 

Agreements: (RAN1#98bis Chongqing)
For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}. 
· If not configured, the granularity is 1 PRB. 
· FFS other possible values

The decision if or not to support Type 0 FDRA for PDSCH is still pending. Clearly, the number of bits required for Type 1 FDRA and continuously allocated PRBs will be smaller compared to Type 0. But on the other hand, Type 1 FDRA does not provide the option to schedule a URLLC PDSCH in a slot around some already allocated (slot-based) eMBB PDSCH whereas Type 0 FDRA allows this option and therefore gives increased flexibility for inter-UE eMBB and URLLC multiplexing. In addition, Type 0 FDRA allows for improved frequency diversity as the PRBs can be better distributed across the PRBs of a serving cell (note that frequency diversity has been considered as one important mechanism for achieving the reliability). We see these benefits to be worth harvesting and therefore suggest to also support Type 0 FDRA for URLLC scheduling. Following the principle of Type 1 FDRA, coarser configured granularity can be considered for Type 0 FDRA to reduce the field size.

In Rel-15, dynamic switching between Type 0 and Type 1 is supported for PDSCH and PUSCH FDRA, the FDRA field size is reserved according to the bigger one between the two types plus one bit for the dynamic switching. First, we don’t see any reason to remove the dynamic switching from Rel-16 scheduling, as it provides the better flexibility in resource scheduling. In addition, we would propose to have a new separate RRC parameter to configure the granularity of Type 0 instead of reusing the granularity of type 1. Because under this case, gNB can better manage the tradeoff between extra overhead introduced and potential diversity achieved with non-continuous resource allocation with dynamic switching, thus achieve the best scheduling flexibility. To align the resource allocation grid (similar to Type 1 FDRA), the configurable granularity for Type 0 FDRA is proposed to be {2, 4, 8, 16, 32}.

Proposal 2-1: Support also Type 0 FDRA with configurable granularity for DCI formats 0_2 and 1_2 scheduling PUSCH and PDSCH.
· Retain the dynamic switching between Type 0 and Type 1 FDRA for DCI formats 0_2 and 1_2 as supported with DCI format 0_1 and 1_1. Introduce new RRC parameters  resourceAllocation-ForDCIFormat0_2 and resourceAllocation-ForDCIFormat1_2 with the same values as Rel-15 resourceAllocation. 
· Introduce new separate RRC parameters ResourceAllocationType0-granularity-ForDCIFormat0_2 and ResourceAllocationType0-granularity-ForDCIFormat1_2 to configure the granularity for Type 0 FDRA to be {2, 4, 8, 16, 32} PRBs. If not configured, the Rel-15 parameters rbg-Size in PDSCH-config and PUSCH-config are applied. 


Time domain resource assignment​ for DCI format 1_2:
We have the below agreements about the TDRA field following the email discussion after RAN1#98bis meeting. 
Agreements: (RAN1#98bis Chongqing, email discussion)
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.
 
Agreements: (RAN1#98bis Chongqing, email discussion)
· PDSCH mapping type A is not supported with the new reference
Regarding the question if K0>0 should be allowed to be included in the same TDRA table if the new timing reference is configured, we see no problem supporting the case. And it allows better flexibility in scheduling. 
Proposal 2-2: K0>0 entries can be included in TDRA for PDSCH when the utilization of the new reference is enabled.
Another issue remaining for the DL TDRA table is the starting point and length mapping with respect to the new reference point. To provide the best scheduling flexibility for DCI format 1_2, we would extend the current mapping type table in TS 38.214 section 5.1.2.1 and propose a new Mapping type C with values as below. The intention of this new mapping type is having the properties in terms of starting points S of PDSCH mapping type B (i.e. also larger values than S=3 is supported) and having the properties of PDSCH mapping type A of allowing a more granular time domain allocation in terms of number of symbols L. 

[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}

	Type C
	{0,…,12}
	{2, 3, …, 14}
	{2,…,14}
	{0,…,10}
	{2, 3, …, 12}
	{2,…,12}

	Note 1:	S = 3 is applicable only if dmrs-TypeA-Position = 3



Proposal 2-3: A new PDSCH mapping type C is supported for the reference time for PDSCH, having a value range for S within {0…12} and {0…10} symbols and a value range of L within {2…14} and {2…12} symbols for normal CP and extended CP, respectively.   
Another 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 using the starting point of PDCCH transmission as the reference, 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 using the starting of PDCCH as the reference).
· 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 [3].
can be modified and illustrated with an example as below: 
Step1: based on K0 and SLIV in the RRC configured TDRA table and the configured monitoring occasion for the new DCI format (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 2-4: Reuse the principle of Rel-15 semi-static HARQ codebook construction procedure and extend it for the new Rel-16 DCI scheduling PDSCH when the reference point of PDSCH TDRA is changed from slot boundary to the starting point of PDCCH transmission.

Modulation and coding scheme for DCI formats 0_2 and 1_2​:
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. 

Another scheme 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 signaling 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 formats, 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. Besides, in Rel-15 three MCS table options (64QAM, 64QAMLowSE and 256QAM) are supported for NR PDSCH transmission and we think the applicable Rel-15 MCS table from which the entries are to be selected by configuration for the new DCI formats should be independently configurable.  

Proposal 2-5: Support fully configurable MCS table entries where the number of configured entries determines the size of the MCS field, and the entries are selected from one of the three Rel-15 MCS table options based on configuration.
· for DCI format 1_2, introduce the following MCS related RRC parameters:
· mcs-Table-ForDCIFormat1_2: defines the Rel-15 MCS table (i.e. qam256, qam64LowSE) to be used, from which the entries can be selected. If absent, the qam64 table applies.
· mcs-Table-Entries-ForDCIFormat1_2: bitmap of 32bits to select the applicable MCS entries from full 32 entries tables, if absent all entries are valid (i.e. 5bit MCS)
· for DCI format 0_2, introduce the following MCS related RRC parameters:
· mcs-Table-ForDCIFormat0_2: defines the Rel-15 MCS table (i.e. qam256, qam64LowSE) to be used, from which the entries can be selected. If absent, the qam64 table applies.
· mcs-TableTransformPrecoder-ForDCIFormat0_2: same – but with transform precoding. 
· mcs-Table-Entries-_ForDCIFormat0_2: bitmap of 32bits to select the applicable MCS entries from full 32 entries tables, if absent all entries are valid (i.e. 5bit MCS).

MIMO related fields for DCI format 1_2: 

The following agreements are made in RAN1#98bis for MIMO related fields for DCI format 1_2. 
Agreements: (RAN1#98bis Chongqing)
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Antenna port(s) (0 or 4/5/6 bits)
· New RRC configuration parameters are introduced for this configuration
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
· DMRS sequence initialization (0 or 1 bit) 

To enable the MIMO features with full scheduling flexibility and also minimize the size of DCI format and 1_2 when MIMO is not applicable, we propose to support 1 and 2 bit TCI and 1bit SRS request. In general, we support configuring the MIMO related fields separately for DCI format 1_2 (compared to PDSCH-config), as indicated by the following proposal: 

Proposal 2-6: Support the following new MIMO related RRC parameters for DCI format 1_2:
· Antenna port(s) (0 or 4 or 5 or 6 bits) field related 
· antenna-ports-presence-ForDCIFormat1_2: If absent, the antenna port(s) field is not present (i.e. 0bit). In this case, the Rel-15 FB DCI 1_0 assumption applies. 
· dmrs-Type-ForDCIFormat1_2: If absent, the DMRS type of PDSCH-config applies
· maxLength-ForDCIFormat1_2: If absent, the length of PDSCH-config applies
· Transmission configuration indication (0 or 1 or 2 or 3 bits) field related
· tci-ForDCIFormat1_2 - can be configured to 1, 2 or 3bits. If absent, TCI field is not present in the DCI.
· SRS request (0, 1, 2, or 3 bits) field related
· srs-request-ForDCIFormat1_2 with values ’0’ and ’1’:
· if srs-request-ForDCIFormat1_2 is absent, the 2- or 3-bit operation as for DCI format 1_1 applies. 
· if srs-request-ForDCIFormat1_2 = ’0’, the SRS request field is not present (i.e. 0bit)
· if srs-request-ForDCIFormat1_2 = ’1’, a 1bit SRS request field is configured and the first two rows of Table 7.3.1.1.2-24 in TS 38.212 apply. 

MIMO related fields for DCI format 0_2: 
The following agreements are made in RAN1#98bis for MIMO related fields for DCI format 0_2. 
Agreements: (RAN1#98bis Chongqing)
For the new DCI format for UL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
· FFS details of configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· FFS details of configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· FFS details of configuration
· SRS request (0 or 2 or 3 bits)
· FFS details of configuration
· DMRS sequence initialization (0 or 1 bit) 
· New RRC parameter is introduced to configure whether this field is present in the DCI or not
· If the field is present, then the number of bits is determined in the same way as in Rel-15
· DMRS-PTRS association (0 or 2 bits)
· FFS details of configuration

In general, we support configuring the MIMO related fields separately for DCI format 0_2 (compared to PUSCH-config), as indicated by the following proposal: 

Proposal 2-7: Support the following new MIMO related RRC parameters for DCI format 0_2:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits) field related
· srs-Resource-Presence-ForDCIFormat0_2 – if absent, then SRS resource indicator field is not present. Otherwise, the size and operation according to DCI Format 0_1 applies.  
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits) field related
· At least txConfig-ForDCIFormat0_2 to enable the field to be not present (i.e. 0bit). 
· Separate configuration of other RRC parameters compared to Format 0_1 affecting the size such as maxRank-ForDCIFormat0_2 and codebookSubset-ForDCIFormat0_2 can be considered. 
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits) field related
· antenna-ports-presence-ForDCIFormat0_2: If absent, the antenna port(s) field is not present (i.e. 0bit). In this case, the Rel-15 DCI format 0_0 assumptions apply.
· In addition, the following can be considered:
· transformPrecoder-ForDCIFormat0_2: independent configurability from DCI format 0_1. 
· dmrs-Type-ForDCIFormat0_2: If absent, the DMRS type of PUSCH-config applies.
· maxLength-ForDCIFormat0_2: If absent, the maxlength of PUSCH-config applies.
· SRS request (0 or 1 or 2 or 3 bits) field related
· srs-request-ForDCIFormat0_2 with values ’0’ and ’1’:
· if srs-request-ForDCIFormat0_2 is absent, the 2- or 3-bit operation as for DCI format 0_1 applies. 
· if srs-request-ForDCIFormat0_2 = ’0’, the SRS request field is not present (i.e. 0bit)
· if srs-request-ForDCIFormat0_2 = ’1’, a 1bit SRS request field is configured and the first two rows of Table 7.3.1.1.2-24 in TS 38.212 apply. 

· DMRS-PTRS association (0 or 2 bits) field related
· PTRS-UplinkConfig-ForDCIFormat0_2 – same conditions as for Format 0_1. 

DCI size budget enhancement for the new Rel-16 DCI formats
With the introduction  DCI formats 0_2 and 1_2, current DCI size budget needs to be revisited. In Rel-15, if DCI format 0_0/1_0 are configured in both CSS and USS, DCI 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:
· DCI format 0_1 and 1_1 are likely to be different sizes, so they use 2 C-RNTI-based DCI sizes.
· DCI 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 2-8: Enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC transmission. 

Size alignment between the DCI formats 0_2 and 1_2 and Rel-15 fallback DCI formats
As one of the objectives of DCI enhancement for AI 7.2.6.1, size alignment between the new DCI formats and legacy Rel-15 fallback DCI is identified,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 formats 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 2-1: 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, this is again depending on how the eMBB traffic is to be scheduled (using the fallback DCI, new DCI, or non-fallback DCI). 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 2-2: 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 2-3: 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 2-4: Using different RNTIs to differentiate the size-aligned fallback DCI and URLLC DCI is generically applicable but increases the overall false-positive decoding probability. 
Considering all factor above, we prefer to use an explicit indication in the DCI to differentiate fallback DCI and the new DCI formats in USS. To align the size of fallback DCI in USS and fallback DCI in CSS in this case, FDRA field of the fallback DCI in USS can be adjusted to match the size of the field in CSS if size budget is limited. And if DCI formats in USS, including fallback DCI and the new DCI formats, perfectly overlap with fallback DCI in CSS, the UE assumes the fallback DCI in CSS to be present.  
Proposal 2-9: Use a 1bit explicit indication in the fallback DCI in USS to differentiate the size-aligned fallback DCI and URLLC DCI.  
Depending on the channel condition, the size of the new DCI formats 0_2 and 1_2 could be configured to be even smaller than the Rel-15 fallback DCI, in order to meet the PDCCH decoding performance requirement for a certain UE. In other words, mandating size alignment could be harmful for some cases. In addition, Rel-16 UE PDCCH monitoring capability enhancement for the DCI size budget could be addressed differently for UE with different capability categories. DCI size alignment between the fallback DCI and new DCI formats may not be necessary for UEs supporting increased DCI size budget. In addition, for those UEs without non-fallback DCIs configured to be monitored, the current size budget limitation could be met without enforcing unnecessary DCI size alignment. Therefore, we propose to have a new RRC parameter to enable the DCI size alignment between Rel-15 fallback DCI and the new DCI formats to provide gNB the best scheduling flexibility. 
Proposal 2-10: Introduce a new RRC parameter, sizeAlignment-ForDCIFormat0-2and1-2, to enable the DCI size alignment of Rel-15 fallback DCI formats and the new DCI formats. 
Potential HARQ-ACK enhancements
It has been agreed that a separate TDRA table and dl_DataToUL_ACK are configured for DCI format 1_2. These are referred to with the parameters dl-DataToUL-ACK-ForDCIFormat1_2 and pdsch-TimeDomainAllocationList-ForDCIFormat1_2. In the case where both DCI format 1_2 and one of 1_1 and 1_0 is used in the same slot with the same HARQ-ACK codebook priority, enhancements for the Type-1 HARQ-ACK codebook are needed. The simplest approach is to construct the HARQ-ACK window from the non-redundant values from from dl_DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2. Then for each K1 value in the HARQ-ACK window, three cases can be defined to determine the TDRA table to be used for pruning:
· The K1 value is only present in dl_DataToUL-ACK which means that only DCI format 1_0/1_1 could be used in this slot. In this case, pdsch-TimeDomainAllocationList is used.
· The K1 value is only present in dl-DataToUL-ACK-ForDCIFormat1_2 which means that only DCI format 1_2 could be used in this slot. In this case pdsch-TimeDomainAllocationList-ForDCIFormat1_2 is used.
· The K1 value is present in both dl_DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2, which means that both DCI Format 1_2 and 1_0/1_1 could be used. In this case, the two TDRA tables (pdsch-TimeDomainAllocationList-ForDCIFormat1_2 and pdsch-TimeDomainAllocationList) are concatenated into one table. 

Proposal 2-11: When DCI format 1_2 and at least one of DCI formats 1_0/1_1 are configured in a way that they can be used to indicate the same Type-1 HARQ-ACK codebook the following changes are proposed: 
· The HARQ-ACK window is determined by combining the non-redundant entries in dl_DataToUL_ACK and dl-DataToUL-ACK-ForDCIFormat1_2. 
· For K1 values indicating that both DCI format 1_2 and 1_0/1_1 can be used, the two TDRA tables (pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationList-ForDCIFormat1_2) are concatenated to form a single table prior to pruning. 
· For K1 values indicating that only DCI format 1_2 or 1_0/1_1 can be used, only the corresponding TDRA table is used for pruning.


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  

The following was further agreed in RAN1#98:
Agreements:
Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs for URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) or (3,2) 
· UE reports the supported combinations per SCS 
· (2, 2)(4, 3)(7, 3) applicable for 15 kHz and 30 kHz
· FFS for 60 kHz and 120 kHz

Agreements:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· For Rel-16 PDCCH monitoring capability, 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. Each span for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
· gNB configures which capability is used 
· For Rel-16 PDCCH monitoring capability,
· 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, each span can cover CSS and/or USS  
· Note: the value C is to be separately discussed

Agreements:
If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  
· A combination C(X, Y) is valid if the span pattern satisfies X and Y of the given combination in every slot, including cross slot boundary
· FFS the impact from empty span(s) on the span pattern

Enhanced PDCCH monitoring capability on the number of CCEs for channel estimation
[bookmark: _Hlk510133084]One big decision that is still pending for the framework is whether to have eMBB and URLLC monitoring separately processed at the UE, which is the major difference between Option 1 and Option 2 agreed in RAN1#80. If we put this difference aside, the Rel-16 PDCCH monitoring capability part is common between the two options, which is what we are going to discuss in section 3.1.1.
Rel-16 PDCCH monitoring capability
This section discusses how the Rel-16 PDCCH monitoring capability (per-span capability) should be defined, applicable to both Option 1 and Option 2. The main open issues for this include:
· Whether to support combination (3, 3) or (3, 2)
· Whether to support 60 kHz and 120 kHz SCS
· The value of C for different cases
(X, Y) combinations
The motivation to introduce combination (3, 3) or (3, 2) is to provide better support for 4 monitoring occasions in a slot, which is an important case for URLLC. Without introducing these new combinations, some configurations of 4 monitoring occasions per slot would fit into the combination (2, 2) only, which typically would support smaller number of CCEs compared to e.g. (3, 2). Some other configurations of 4 monitoring occasions per slot would fit into the combination (4, 3), with 2 of the monitoring occasions fitting into the same span (i.e. sharing the limit). Either way it is sub-optimal. In this sense, it would be desirable to introduce a span duration of 3 symbols.
Between (3, 3) and (3, 2), it would be better to introduce (3, 2) because: (i) (3, 3) is used to cover 3-symbol CORESET, but 1 or 2-symbol CORESET would be much more typical than 3-symbol CORESET for URLLC. (ii) The value of C for (3, 3) may be similar to that for (2, 2), which would make it not very meaningful to introduce this combination. On the other hand, for (3, 2), with one extra symbol for the gap between two monitoring occasions, the UE has extra time to do more processing, which could result in a larger value of C compared to (2, 2).
Proposal 3-1: For Rel-16 PDCCH monitoring capability, additionally support (3, 2) for combination (X, Y).

Applicable SCSs
In terms of supported SCS(s),
· For 60 kHz SCS, 4 monitoring occasions per slot would allow 1 HARQ retx within 1 ms latency for some cases, and 7 monitoring occasion per slot would even allow 2 HARQ retx within 1 ms latency for some cases. As we all know, enabling HARQ retx is much more efficient compared to single-shot transmission. Therefore, it is desirable to support the enhanced PDCCH monitoring capability for 60 kHz SCS for all combinations of (X, Y).
· There is a similar trend for 120 kHz SCS. Given that mmWave is an important scenario for URLLC as being considered by some operators/verticals, it is important that we have this case addressed as well.
Note that it has been already agreed that the supported combinations are reported per SCS, so it does not require a UE to implement the enhancements for all SCSs at once. However, from specification point of view, it is preferred to have the feature supported for all SCSs, so that the specifications are ready whenever a certain use case is to be deployed and advanced UE capabilities are becoming available over time.
Proposal 3-2: For Rel-16 PDCCH monitoring capability, all supported combinations (X, Y) are applicable also for 60 kHz and 120 kHz SCS, in addition to 15 kHz and 30 kHz SCS.

Value of C
In terms of value C for different combinations, we have the following proposal:
Proposal 3-3: 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
	2
	2
	[48]
	[48]
	[36]
	[24]

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

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

	Combination 4
	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 once we know more details about the enhanced capability, e.g. how many combinations we need to handle, how many sets of values are to be defined, etc. Due to the complexity involved in the span duration/span definition, it may make more sense to capture it in specifications instead of defining it as part of UE feature.
Selection between Option 1 and Option 2
In this subsection, we compare Option 1 and Option 2, and discuss some further details for each of the options.
Option 1
The idea of Option 1 is that there are two separate PDCCH processing units for handling eMBB and URLLC monitoring.
· Pros:
· It has a better support for the combination of slot-based (eMBB) and sub-slot-based (URLLC) monitoring than Option 2.
· Cons:
· Option 1 prevents any sharing of PDCCH monitoring between eMBB and URLLC, in terms of the number of CCEs/BDs. E.g. if the eMBB and URLLC traffic uses the same DCI format, and share the monitoring occasion at the beginning of a slot, the processing would be duplicated in the two processors. This can be viewed as a waste of processing power at the UE.
· The intention is to use two “virtual” CCs to handle eMBB and URLLC separately, to minimize the implementation impact. Depending on how details are defined, it means that if a UE is configured with a carrier that carries mixed eMBB and URLLC traffic, either the actual number of CCs that a UE can support would become smaller, or the number of BDs/CCEs per virtual CC would become smaller with the Rel-15 PDCCH BD/CCE scaling framework for CA.
· Option 1 requires a UE to be always configured with two “virtual” CCs, regardless of the presence of eMBB traffic and/or the actual need in PDCCH configuration. But for certain cases this may be unnecessary or a very inefficient way of configuring UE’s processing resource. E.g. for a URLLC-only UE, with Option 1, it would require 2 virtual CC configuration regardless, even though the only BDs that would potentially be configured on the “eMBB” carrier would be the common search space. If we further consider the case when it is a secondary cell, there is typically no BDs needs on the common search space at all, but Option 1 would require the configuration of a virtual “eMBB” carrier nonetheless. This is clearly not a very efficient design.
Option 2
Option 2 adopts the same per-span limit across all the spans.
· Pros:
· eMBB and URLLC can fully share the PDCCH processing power, and the number of CCEs/BDs does not need to be double counted in case of overlap.
· This should not reduce the number of supported CCs when supporting URLLC traffic, as what is implied by Option 1.
· Cons:
· The handling of uneven number of configured CCEs/BDs in different spans is not very effective. Especially if we reuse the current dropping rule of dropping the entire search space set in a slot when the limit is exceeded in the slot, it can be very inefficient and results in excessive dropping and performance degradation. Therefore, for Option 2, it is critical to introduce some enhanced dropping rules. Assuming per-span limit is also adopted for the maximum number of BDs (which seems natural as discussed more in Section 3.2), per-span dropping rules should be considered. In addition, dropping some candidates instead of the entire search space set would also allow the gNB to better utilize the UE monitoring capability.
Proposal 3-4: In case Option 2 is adopted, enhanced PDCCH candidate dropping rules (e.g. per-span dropping, candidate-level dropping instead of SSS-level dropping) should be supported to avoid excessive dropping. Details FFS.
With the pros/cons analysis above, we see the advantages/disadvantages of each option. Even though the original intention was to down-select between Option 1 and 2, we feel that a combined approach may be the best for the PDCCH configuration flexibility and the best use of UE resources. By “combined approach”, we mean that a UE with enhanced PDCCH monitoring capability supports both Option 1 and Option 2.
· The gNB can choose to configure all the search space set(s) on a carrier based on per-span limit only, if it considers the per-span limit to be sufficient already. This can be especially relevant for a carrier that is intended for URLLC traffic only, and even more so if this is a secondary cell without common search space configuration. Even for a carrier with mixed eMBB and URLLC traffic, the gNB may still choose to do so, especially considering that the gNB may get more BDs/CCEs on other carriers for eMBB.
· For the cases where the gNB thinks per-span limit only would result in too severe scheduling constraints, it can configure the UE with two virtual CCs using Option 1. Note that using two virtual CCs should be relatively easy for UE implementation as it can reuse CA framework.
Proposal 3-5: For a UE supporting Rel-16 enhanced PDCCH monitoring capability, consider the support of both Option 1 and Option 2.
Other than the very high level discussion of the two options, we feel that some points still need to be clarified, especially with CA, for both options.
In Rel-15, the UE reports how many CCs (N) with full PDCCH monitoring capability it can support (if it supports CA with >4 CCs). If the number of configured CCs is larger than N, the maximum number of CCEs/BDs on each CC is scaled down according to the equations defined in 38.213. The question is how this framework would be extended in case of Option 1 or Option 2.
For Option 1, 
· The intention seems to be that a UE reports how many (virtual) CCs it can support for Rel-15 monitoring capability and how many (virtual) CCs for Rel-16 monitoring capability.
· Does the UE additionally report how many CCs for Rel-15 monitoring capability only? Similarly, does the UE additionally report how many CCs for Rel-16 monitoring capability only?
· For Rel-16 monitoring capability, is overbooking still allowed? Do we allow the number of CCs configured with Rel-16 monitoring capability to be larger than the reported UE capability, by adopting the similar scaling framework as in Rel-15 CA?
· For virtual CCs with Rel-15 monitoring capability, it would make sense to have the overbooking/dropping rules to follow Rel-15 behavior.
· Is the (virtual) CC for PDCCH monitoring connected to other things, such as UE processing cap 1 vs cap 2, or traffic priority in intra-UE prioritization, etc?
· Any such connection should be clarified in advance so that we fully understand the consequence.
For Option 2,
· Somewhat similar to the questions for Option 1, does the UE need to report how many CCs for Rel-16 monitoring capability only, how many CCs for Rel-15 monitoring capability only, and the combination of the two?
· Presumably each CC can be independently configured as Rel-15 or Rel-16 monitoring capability. In case the number of CCs configured is larger than the reported capability for PDCCH monitoring, it would make sense to handle the scaling separately for the CCs with Rel-15 or Rel-16 monitoring capability.
Observation 3-1: Further details on how CA is supported for both Option 1 and Option 2 need to be discussed.

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 [4]). 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. 3-1 Blocking probability for different number of UEs and different number of candidates for each AL.
As can be seen from Figure 3-1, 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, given that we had agreed to 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, the dropping can occur within a span, and only the USS candidates in the span would need to be dropped.
Proposal 3-6: Given that span duration/separation is adopted as the framework to define the enhanced CCE monitoring, the same framework is also used 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
	2
	2
	[20]
	[16]
	[9]
	[8]

	Combination 2
	3
	2
	[30]
	[24]
	[14]
	[12]

	Combination 3
	4
	3
	[30]
	[24]
	[14]
	[12]

	Combination 4
	7
	3
	44
	36
	22
	20

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




Conclusion
In this contribution, we discuss the new Rel-16 DCI formats having configurable DCI sizes and have the following related proposals and observations:
Proposal 2-1: Support also Type 0 FDRA with configurable granularity for DCI formats 0_2 and 1_2 scheduling PUSCH and PDSCH.
· Retain the dynamic switching between Type 0 and Type 1 FDRA for DCI formats 0_2 and 1_2 as supported with DCI format 0_1 and 1_1. Introduce new RRC parameters  resourceAllocation-ForDCIFormat0_2 and resourceAllocation-ForDCIFormat1_2 with the same values as Rel-15 resourceAllocation. 
· Introduce new separate RRC parameters ResourceAllocationType0-granularity-ForDCIFormat0_2 and ResourceAllocationType0-granularity-ForDCIFormat1_2 to configure the granularity for Type 0 FDRA to be {2, 4, 8, 16, 32} PRBs. If not configured, the Rel-15 parameters rbg-Size in PDSCH-config and PUSCH-config are applied. 
Proposal 2-2: K0>0 entries can be included in TDRA for PDSCH when the utilization of the new reference is enabled.
Proposal 2-3: A new PDSCH mapping type C is supported for the reference time for PDSCH, having a value range for S within {0…12} and {0…10} symbols and a value range of L within {2…14} and {2…12} symbols for normal CP and extended CP, respectively.   
Proposal 2-4: Reuse the principle of Rel-15 semi-static HARQ codebook construction procedure and extend it for the new Rel-16 DCI scheduling PDSCH when the reference point of PDSCH TDRA is changed from slot boundary to the starting point of PDCCH transmission.
Proposal 2-5: Support fully configurable MCS table entries where the number of configured entries determines the size of the MCS field, and the entries are selected from one of the three Rel-15 MCS table options based on configuration.
· for DCI format 1_2, introduce the following MCS related RRC parameters:
· mcs-Table-ForDCIFormat1_2: defines the Rel-15 MCS table (i.e. qam256, qam64LowSE) to be used, from which the entries can be selected. If absent, the qam64 table applies.
· mcs-Table-Entries-ForDCIFormat1_2: bitmap of 32bits to select the applicable MCS entries from full 32 entries tables, if absent all entries are valid (i.e. 5bit MCS)
· for DCI format 0_2, introduce the following MCS related RRC parameters:
· mcs-Table-ForDCIFormat0_2: defines the Rel-15 MCS table (i.e. qam256, qam64LowSE) to be used, from which the entries can be selected. If absent, the qam64 table applies.
· mcs-TableTransformPrecoder-ForDCIFormat0_2: same – but with transform precoding. 
· mcs-Table-Entries-_ForDCIFormat0_2: bitmap of 32bits to select the applicable MCS entries from full 32 entries tables, if absent all entries are valid (i.e. 5bit MCS).
Proposal 2-6: Support the following new MIMO related RRC parameters for DCI format 1_2:
· Antenna port(s) (0 or 4 or 5 or 6 bits) field related 
· antenna-ports-presence-ForDCIFormat1_2: If absent, the antenna port(s) field is not present (i.e. 0bit). In this case, the Rel-15 FB DCI 1_0 assumption applies. 
· dmrs-Type-ForDCIFormat1_2: If absent, the DMRS type of PDSCH-config applies
· maxLength-ForDCIFormat1_2: If absent, the length of PDSCH-config applies
· Transmission configuration indication (0 or 1 or 2 or 3 bits) field related
· tci-ForDCIFormat1_2 - can be configured to 1, 2 or 3bits. If absent, TCI field is not present in the DCI.
· SRS request (0, 1, 2, or 3 bits) field related
· srs-request-ForDCIFormat1_2 with values ’0’ and ’1’:
· if srs-request-ForDCIFormat1_2 is absent, the 2- or 3-bit operation as for DCI format 1_1 applies. 
· if srs-request-ForDCIFormat1_2 = ’0’, the SRS request field is not present (i.e. 0bit)
· if srs-request-ForDCIFormat1_2 = ’1’, a 1bit SRS request field is configured and the first two rows of Table 7.3.1.1.2-24 in TS 38.212 apply. 

Proposal 2-7: Support the following new MIMO related RRC parameters for DCI format 0_2:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits) field related
· srs-Resource-Presence-ForDCIFormat0_2 – if absent, then SRS resource indicator field is not present. Otherwise, the size and operation according to DCI Format 0_1 applies.  
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits) field related
· At least txConfig-ForDCIFormat0_2 to enable the field to be not present (i.e. 0bit). 
· Separate configuration of other RRC parameters compared to Format 0_1 affecting the size such as maxRank-ForDCIFormat0_2 and codebookSubset-ForDCIFormat0_2 can be considered. 
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits) field related
· antenna-ports-presence-ForDCIFormat0_2: If absent, the antenna port(s) field is not present (i.e. 0bit). In this case, the Rel-15 DCI format 0_0 assumptions apply.
· In addition, the following can be considered:
· transformPrecoder-ForDCIFormat0_2: independent configurability from DCI format 0_1. 
· dmrs-Type-ForDCIFormat0_2: If absent, the DMRS type of PUSCH-config applies.
· maxLength-ForDCIFormat0_2: If absent, the maxlength of PUSCH-config applies.
· SRS request (0 or 1 or 2 or 3 bits) field related
· srs-request-ForDCIFormat0_2 with values ’0’ and ’1’:
· if srs-request-ForDCIFormat0_2 is absent, the 2- or 3-bit operation as for DCI format 0_1 applies. 
· if srs-request-ForDCIFormat0_2 = ’0’, the SRS request field is not present (i.e. 0bit)
· if srs-request-ForDCIFormat0_2 = ’1’, a 1bit SRS request field is configured and the first two rows of Table 7.3.1.1.2-24 in TS 38.212 apply. 

· DMRS-PTRS association (0 or 2 bits) field related
· PTRS-UplinkConfig-ForDCIFormat0_2 – same conditions as for Format 0_1. 

Proposal 2-8: Enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC transmission. 
Observation 2-1: 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 2-2: 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 2-3: 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 2-4: 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 2-9: Use a 1bit explicit indication in the fallback DCI in USS to differentiate the size-aligned fallback DCI and URLLC DCI.  
Proposal 2-10: Introduce a new RRC parameter, sizeAlignment-ForDCIFormat0-2and1-2, to enable the DCI size alignment of Rel-15 fallback DCI formats and the new DCI formats. 
Proposal 2-11: When DCI format 1_2 and at least one of DCI formats 1_0/1_1 are configured in a way that they can be used to indicate the same Type-1 HARQ-ACK codebook the following changes are proposed: 
· The HARQ-ACK window is determined by combining the non-redundant entries in dl_DataToUL_ACK and dl-DataToUL-ACK-ForDCIFormat1_2. 
· For K1 values indicating that both DCI format 1_2 and 1_0/1_1 can be used, the two TDRA tables (pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationList-ForDCIFormat1_2) are concatenated to form a single table prior to pruning. 
· For K1 values indicating that only DCI format 1_2 or 1_0/1_1 can be used, only the corresponding TDRA table is used for pruning.

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

Proposal 3-1: For Rel-16 PDCCH monitoring capability, additionally support (3, 2) for combination (X, Y).
Proposal 3-2: For Rel-16 PDCCH monitoring capability, all supported combinations (X, Y) are applicable also for 60 kHz and 120 kHz SCS, in addition to 15 kHz and 30 kHz SCS.
Proposal 3-3: 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
	2
	2
	[48]
	[48]
	[36]
	[24]

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

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

	Combination 4
	7
	3
	56
	56
	48
	32

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


Proposal 3-4: In case Option 2 is adopted, enhanced PDCCH candidate dropping rules (e.g. per-span dropping, candidate-level dropping instead of SSS-level dropping) should be supported to avoid excessive dropping. Details FFS.
Proposal 3-5: For a UE supporting Rel-16 enhanced PDCCH monitoring capability, consider the support of both Option 1 and Option 2.
Observation 3-1: Further details on how CA is supported for both Option 1 and Option 2 need to be discussed.
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.
Proposal 3-6: Given that span duration/separation is adopted as the framework to define the enhanced CCE monitoring, the same framework is also used 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
	2
	2
	[20]
	[16]
	[9]
	[8]

	Combination 2
	3
	2
	[30]
	[24]
	[14]
	[12]

	Combination 3
	4
	3
	[30]
	[24]
	[14]
	[12]

	Combination 4
	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



Definition of UE feature 3-5b in Rel-15
(All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap)
	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.
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