	
3GPP TSG RAN WG1 #100bis-e	R1-2001694
e-Meeting, April 20th – 30th, 2020

Agenda item:		7.2.5.1
Source:		Nokia, Nokia Shanghai Bell
Title:	Maintenance of Rel-16 URLLC PDCCH enhancements
Document for:		Discussion and Decision
1	Introduction
In this contribution, we summarize our input to the maintenance discussions on PDCCH enhancements on Rel-16 URLLC & IIoT enhancements. 
Section 2 includes identified issues due to the introduction of DCI format 0_2 & 1_2 and related text proposals. In Section 3 we discuss the remaining issues for Rel-16 PDCCH monitoring enhancements.	
[bookmark: _Toc415085486][bookmark: _Toc503902285]2	Identified issues of DCI formats 0_2 / 1_2 
[bookmark: _Hlk29917352]2.1 DCI size alignment for DCI formats 0_2 & 1_2 (Issue A-1 of RAN1#100-e DCI email discussion)
The issue of DCI size alignment (i.e. if specs supporting adding 0s DCI formats 0_2/1_2 to differentiate the DCI size, or if gNB should guarantee the size to be different) has been discussed in the RAN1#100-e email discussion thread [100e-NR-L1enh_URLLC_PDCCH-01]. 
Most companies in the email discussion preferred to add ‘0’s to differentiate the DCI sizes, but this could not be agreed.
Looking at Rel-15 operation (for DCI formats 0_1 & 1_1), we have the following behaviour: 
· In step 2, one zero bit is padded to DCI formats 0_1 & 1_1 if having the same size as the fallback DCIs 0_0 & 1_0 – i.e. gNB does not need to configure the sizes of the fallback and configurable DCI formats to be different
· In step 4 (i.e. DCI size alignment needed if DCI budget is exceeded), there is no zero padding – i.e. gNB would need to guarantee the DCI sizes of fallback and configurable DCI formats to be different. 
Some companies even suggested to not apply zero padding for the new DCI formats in steps ‘2’, although this is given for DCI formats 0_1 & 1_1 in Rel-15. Therefore, we think at least the zero padding in step 2A should be equally kept for the new DCI formats 0_2 & 1_2 by removing the brackets there in the current version of the specs – to have the same operation of DCI formats 0_2 & 1_2 as compared to 0_1 & 1_1.
The next question is, if in the steps 2.X we should also try to prevent the DCI size of 0_1/1_1 to be different compared to DCI format 0_2/1_2.  Similar as discussed above, in Rel-15 in case the DCI size budget is not exceeded the specifications will prevent to have same DCI sizes of different DCI formats. This should be extended also to Rel-16 and DCI formats 0_2/1_2, by zero padding DCI formats 0_1/1_1 if having the same size as DCI formats 0_2/1_2. This has been Question 2 of the feature lead summary in R1-2001404. Also here, we think that this should be supported. 
Looking at steps 4, the situation is not that clear anymore. As noted above, in Rel-15 zero padding is not applied anymore and, in this case, the gNB has to guarantee that the DCI sizes are different. Also introducing zero padding in the steps 4.X is not that easy, as basically the zero padding would need to be considered in each of the DCI size alignment steps of e.g. 4B and 4C. As a consequence, as otherwise this could become too complicate to formulate a real working solution, it may be better to follow the Rel-15 principle of not supporting zero padding to distinguish DCI sizes in case the DCI size budget is exceeded. 

As also noted in the FL proposal on the related TP in Sec. 2 of R1-20014004, the cases the UE is not required to be handling needs to be increased. We would like to point out here, that the description of cases of DCI formats 0_2/1_2 comparing with 0_1/1_1 needs to not just cover different search spaces, but should include the same search space as well as we now support the configuration of 0_1/1_1/0_2/1_2 in the same search space in Rel-16. 
To summarize this here, we basically propose to follow the Rel-15 principle of supporting zero padding in case the DCI size budget is not exceeded (i.e. in steps 2A, 2B) but do not support zero padding in case the DCI size budget is exceeded (i.e. in steps 4X).
Proposal 2.1: Follow the Rel-15 principle of supporting zero padding in case the DCI size budget is not exceeded (i.e. in steps 2A, 2B) and not supporting zero padding in case the DCI size budget is exceeded (i.e. in steps 4X), i.e. 
· For step 2A, one zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS, i.e. remove the brackets in step 2A of the DCI size alignment of Sec. 7.3.1.0 of TS 38.213. 
· For step 2B, one zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same or a different USS when having the same size after step 2A, i.e. support the intention of step 2B as outlined in the RAN1#100-e FL summary in R1-2001404 with a slight change to include the same or different search space. 
· For steps 4X, do not support zero padding to distinguish the DCI sizes as in case of Rel-15, i.e. no changes to steps 4A to 4C are seen as needed. 
Adopt the following related text proposal on DCI size alignment to Sec. 7.3.1.0 of TS 38.212 with changes marked in red taken from the FL proposal of Sec. 2 in R1-2001404 with additions in green (to also include the case of same search space configuration of DCI formats 0_1/1_1/0_2/1_2):
	TP for Sec. 7.3.1.0 of 38.212 v16.1.0 on DCI size alignment
<Unchanged text omitted>
Step 2:
-	Determine DCI format 0_1 monitored in a UE-specific search space according to clause 7.3.1.1.2.
-	Determine DCI format 1_1 monitored in a UE-specific search space according to clause 7.3.1.2.2.
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.
-	If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.
-	If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
Step 2A:
-	Determine DCI format 0_2 monitored in a UE-specific search space according to clause 7.3.1.1.3.
-	Determine DCI format 1_2 monitored in a UE-specific search space according to clause 7.3.1.2.3. 
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_2 for the SUL is not equal to the number of information bits in format 0_2 for the non-SUL, zeros shall be appended to smaller format 0_2 until the payload size equals that of the larger format 0_2.
-	[If the size of DCI format 0_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.]
-	[If the size of DCI format 1_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.]
Step 2B:
-	If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI format 0_2 monitored in the same or another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.
-	If the size of DCI format 0_1 equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1
-	If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI format 1_2 monitored in the same or another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
-	If the size of DCI format 1_1 equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
Step 3:
-	If both of the following conditions are fulfilled the size alignment procedure is complete
-	the total number of different DCI sizes configured to monitor is no more than 4 for the cell 
-	the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
Step 4:
-	Otherwise 
Step 4A:
-	Remove the padding bit (if any) introduced in step 2, and step 2A and step 2B above.

-	Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.

-	Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where  is the size of the initial UL bandwidth part. 
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 monitored in a UE-specific search space until the payload size equals that of the DCI format 1_0 monitored in a UE-specific search space.
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to truncation is larger than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0 monitored in a UE-specific search space equals the size of the DCI format 1_0 monitored in a UE-specific search space. 
Step 4B:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_2 prior to padding is less than the payload size of the DCI format 1_2 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_2 until the payload size equals that of the DCI format 1_2.
-	If the number of information bits in the DCI format 1_2 prior to padding is less than the payload size of the DCI format 0_2 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_2 until the payload size equals that of the DCI format 0_2.
Step 4C:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_1 prior to padding is less than the payload size of the DCI format 1_1 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_1 until the payload size equals that of the DCI format 1_1.
-	If the number of information bits in the DCI format 1_1 prior to padding is less than the payload size of the DCI format 0_1 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_1 until the payload size equals that of the DCI format 0_1.
The UE is not expected to handle a configuration that, after applying the above steps, results in
-	the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
-	the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or
-	[the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or]
-	[the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space.]; or
-	the size of DCI format 0_2 in a UE-specific search space is equal to DCI format 0_1 in the same or another UE-specific search space; or
-	the size of DCI format 1_2 in a UE-specific search space is equal to DCI format 1_1 in the same or another UE-specific search space.
<Unchanged text omitted>



2.2 Correction to DMRS reception procedure for PDSCH scheduled by DCI formats 1_2 (38.214, Sec. 5.1.3.2 &  5.1.6.2)
The following clause has been added to 5.1.6.2. of TS 38.214 in Rel-16, which tried to handle the case of DCI format 1_2 with the associated DMRS configuration and associate this with the DMRS reception procedure of DCI format 1_1 (from Sec. 5.1.6.2 of TS 38.214):
	The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB.



The issue with this generic clause is, that there may not be a configuration of DMRS for DCI format 1_2 (as this is an optional RRC parameter, even if DCI format 0_2 is used). As a consequence, a change is needed there. 
The following TP tries to address this issue by implementing the following logic: 
· If dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 are not configured, the DMRS reception procedure for PDSCH scheduled by DCI format 1_2 follows the fallback DCI operation (i.e. DCI format 1_0)
· Otherwise (i.e. if configured), the intention of the current clause would apply here. 
As the DM-RS reception procedure also has an effect on the DMRS overhead assumption, also a related change to the TBS determination is required in Sec. 5.1.3.2 of TS 38.214. 

Proposal 2.2: Adopt the following text proposal for PDSCH DMRS reception with DCI format 1_2 to Sec. 5.1.3.2 and 5.1.6.2 of TS 38.214 with changes marked in red to complete the related specs parts:
	TP to TS 38.214, DM-RS reception procedure affecting Sec. 5.1.3.2 and 5.1.6.2:
[bookmark: _Toc11352092][bookmark: _Toc20317982][bookmark: _Toc27299880][bookmark: _Toc29673145][bookmark: _Toc29673286][bookmark: _Toc29674279][bookmark: _Toc11352102][bookmark: _Toc20317992]5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.


For the PDSCH assigned by a PDCCH with DCI format 1_0, format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or SI-RNTI, if Table 5.1.3.1-2 is used and , or a table other than Table 5.1.3.1-2 is used and , the UE shall, except if the transport block is disabled in DCI format 1_1, first determine the TBS as specified below:
1)	The UE shall first determine the number of REs (NRE) within the slot. 








[bookmark: _Hlk500489688][bookmark: _Hlk515619163]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 and format 1_2 in Clause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the  is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI or P-RNTI,  is assumed to be 0.


-	A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE. 
<Unchanged text is omitted>
5.1.6.2	DM-RS reception procedure
If both higher layer parameter dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and higher layer parameter dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 are not configured, the DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2; Otherwise, Tthe DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB.
When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in clause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
<Unchanged text is omitted>



2.3 Missing DMRS transmission procedure for PUSCH scheduled by DCI format 0_2 (38.214, Sec. 6.1.4.2 & 6.2.2)
Similarly, as for PDSCH DM-RS and PTRS transmission described in the previous section, also for PUSCH DMRS the independent configurability of the DMRS for DCI format 0_2 needs to be taken into account here. 
The following TP on DMRS reception tries to address this issue by implementing the following logic: 
· If dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat1_2 are not configured, the DMRS transmission procedure for PUSCH scheduled by DCI format 0_2 follows the fallback DCI operation (i.e. DCI format 0_0)
· Otherwise (i.e. if configured), the procedures of PUSCH scheduled by DCI format 0_1 apply also for PUSCH scheduled by DCI format 0_2 by using the separately configured DMRS parameters. 
Again, as the DMRS assumption influences the DMRS overhead assumption, also a related change to the TBS determination in Sec. 6.1.4.2 is required. Note, that with the generic statements referring to DCI format 0_1 and 0_2 in Sec. 6.2.2, the cases of Type 2 CG activated by DCI format 0_2 are automatically included as well (as separately suggested during RAN1#100e by Huawei in R1-2001024 / Appendix 5).
Proposal 2.3: Adopt the following text proposal for PUSCH DMRS transmission with DCI format 0_2 to Sec. 6.1.4.2 and 6.2.2 of TS 38.214 with changes /additions marked in red to complete the related specs parts:
	TP to TS 38.214, Sec. 6.1.4.2 & 6.2.2: UE DM-RS transmission procedure description for DCI format 0_2 
[bookmark: _Toc11352152][bookmark: _Toc20318042][bookmark: _Toc27299940][bookmark: _Toc29673214][bookmark: _Toc29673355][bookmark: _Toc29674348]6.1.4.2	Transport block size determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by fallbackRAR UL grant or
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
for a PUSCH scheduled by a DCI format 0_1 or DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH transmission with configured grant, or
for a MsgA PUSCH transmission,
if

-	and transform precoding is disabled and Table 5.1.3.1-2 is used, or

-	 and transform precoding is disabled and a table other than Table 5.1.3.1-2 is used, or 

-	 and transform precoding is enabled, the UE shall first determine the TBS as specified below:
The UE shall first determine the number of REs (NRE) within the slot: 

-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 








-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of the PUSCH allocation according to Clause 6.1.2.1 for scheduled PUSCH or Clause 6.1.2.3 for configured PUSCH,  is the number of REs for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without data, as described for PUSCH with a configured grant in Clause 6.1.2.3 or as indicated by DCI format 0_1 or DCI format 0_2 or as described for DCI format 0_0 and DCI format 0_2 in Clause 6.2.2, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the  is not configured (a value from 6, 12, or 18), the  is assumed to be 0. For Msg3 transmission the  is always set to 0.



-	A UE determines the total number of REs allocated for PUSCH  by where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-4 as defined in Clause 5.1.3.2
<Unchanged text is omitted>

6.2.2	UE DM-RS transmission procedure
If both higher layer parameter dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and higher layer parameter dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 are not configured, the DM-RS transmission procedures for PUSCH scheduled by PDCCH with DCI format 0_0 described in this clause equally apply to PUSCH scheduled by PDCCH with DCI format 0_2; Otherwise, the DM-RS transmission procedures for PUSCH scheduled by PDCCH with DCI format 0_1 described in this clause equally apply to PUSCH scheduled by PDCCH with DCI format 0_2, by applying the parameters of dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 instead of dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB.
When transmitted PUSCH is neither scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, nor corresponding to a configured grant, nor being a PUSCH for Type-2 random access procedure,. the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled, and 
If frequency hopping is disabled:
-	The UE shall assume dmrs-AdditionalPosition equals to 'pos2' and up to two additional DM-RS can be transmitted according to PUSCH duration, or
If frequency hopping is enabled:
-	The UE shall assume dmrs-AdditionalPosition equals to 'pos1' and up to one additional DM-RS can be transmitted according to PUSCH duration.
<Unchanged text is omitted>



2.4 Missing PTRS reception procedure for PDSCH scheduled by DCI formats 1_2 (38.214, Sec. 5.1.6.2 & 5.1.6.3)
RAN1 had agreed to support independent PTRS configuration which is available due to the independent DMRS configurations for DCI format 1_2 and Rel-15 containing the RRC parameter phaseTrackingRS in DMRS-DownlinkConfig. Currently, the effect on PTRS is currently not at all addressed in Sec. 5.1.6.2 and Sec. 5.1.6.3 of TS 38.214. Which we try to address with the following text proposal: 
Proposal 2.4: Adopt the following text proposal for PDSCH PTRS reception with DCI format 1_2 to Sec. 5.1.6.2 & 5.1.6.3 of TS 38.214 with changes marked in red to complete the related specs parts:
	TP to TS 38.214, 5.1.6.2 & 5.1.6.3: UE PTRS reception procedure description for DCI format 1_2 
 
5.1.6.2	DM-RS reception procedure
<Unchanged text is omitted>
If a UE receiving PDSCH scheduled by DCI format 1_2 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 or dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 or a UE receiving PDSCH scheduled by DCI format 1_0 or DCI format 1_1 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB DMRS-DownlinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.
<Unchanged text is omitted>
[bookmark: _Toc11352103][bookmark: _Toc20317993]5.1.6.3	PT-RS reception procedure
The procedures on PT-RS reception described in this clause apply to a UE receiving PDSCH scheduled by DCI format 1_2 configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 or dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 and to a UE receiving PDSCH scheduled by DCI format 1_0 or format 1_1 configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB.  
A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum Modulation Order as it reported to support.
<Unchanged text is omitted>




2.5 Missing PTRS transmission procedure for PUSCH scheduled by DCI format 0_1 & 0_2 (38.214 - Sec. 6.2.3 & 6.2.3.1, 38.212 – Sec. 7.3.1.1.2 & 7.3.1.1.3)
Similarly, as for PDSCH PTRS transmission described in the previous section, also for PUSCH DMRS and PTRS transmission the independent configurability of the DMRS for DCI format 0_2 needs to be taken into account here. 
RAN1 had agreed to support independent PTRS configuration which is available due to the independent DMRS configurations for DCI format 0_2 and Rel-15 containing the RRC parameter phaseTrackingRS in DMRS-UplinkConfig. 
Agreements:
Support new RRC configuration for “PTRS-DMRS association” in DCI format 0_2 

Currently, the effect on PTRS is currently not at all addressed in Sec. 6.2.3 of TS 38.214. Which we try to address with the following text proposal: 
Proposal 2.5A: Adopt the following text proposal for PDSCH PTRS transmission with DCI format 0_2 to Sec. 6.2.3 & 6.2.3.1 of TS 38.214 with changes marked in red:
	TP to TS 38.214, 6.2.3 and 6.2.3.1: UE PTRS transmission procedure description for DCI format 0_2 
[bookmark: _Toc11352162][bookmark: _Toc20318052]6.2.3	UE PT-RS transmission procedure
The procedures on PT-RS transmission described in this clause as well as clauses 6.2.3.1 and 6.2.3.2 apply to a UE PUSCH transmission scheduled by DCI format 0_2 if the higher layer parameter phaseTrackingRS in dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 or dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 is configured, to PUSCH transmissions scheduled by DCI format 0_0 or DCI format 0_1 if the higher layer parameter phaseTrackingRS in dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB is configured and PUSCH transmissions corresponding to a configured grant if the higher layer parameter phaseTrackingRS in cg-DMRS-Configuration is configured. If a UE is not configured with the higher layer parameter phaseTrackingRS in the respective DMRS-UplinkConfig, the UE shall not transmit PT-RS. The PTRS is only present on PUSCH scheduled by PDCCH with CRC scrambled by MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI and on PUSCH corresponding to a configured grant. For PUSCH repetition Type B, the PT-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition.
[bookmark: _Toc27299951][bookmark: _Toc29673226][bookmark: _Toc29673367][bookmark: _Toc29674360]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
<Unchanged text is omitted>
For codebook or non-codebook based UL transmission, the association between UL PT-RS port(s) and DM-RS port(s) is signalled by PTRS-DMRS association field in DCI format 0_1 and DCI format 0_2. For a PUSCH corresponding to a configured grant Type 1 transmission, the UE may assume the association between UL PT-RS port(s) and DM-RS port(s) defined by value 0 in Table 7.3.1.1.2-25 or value "00" in Table 7.3.1.1.1.2-26 described in Clause 7.3.1 of [5, TS38.212].
For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0, the UL PT-RS port is associated to DM-RS port 0.
For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s) in DCI format 0_1 and DCI format 0_2 or higher layer parameter sri-ResourceIndicator in rrc-ConfiguredUplinkGrant. A UE is configured with the PT-RS port index for each configured SRS resource by the higher layer parameter ptrs-PortIndex configured by SRS-Config if the UE is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port.
For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers which are indicated by Precoding information and number of layers field in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNnumberOfLayers:
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:
-	PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1.
-	UL PT-RS port 0 is associated with the UL layer [x] of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer [y] of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
<Unchanged text is omitted>



Similarly, there is a need to clarify the applicable RRC parameters for DCI format 0_1 and DCI format 0_2 in TS 38.212, by agreeing to the following TP:
Proposal 2.5B: Adopt the following text proposal on the PTRS-DMRS association field for DCI format 0_1 and 0_2 to Sec. 7.3.1.1.2 & 7.3.1.1.3 of TS 38.212 with changes marked in red:
	TP to TS 38.212, 7.3.1.1.2 and 7.3.1.1.3: Correction to DCI field size determination for PTRS-DMRS association
7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig in dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB is not configured and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for transmission of one PT-RS port and two PT-RS ports respectively, and the DMRS ports are indicated by the Antenna ports field. 
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the "PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth part.
<Unchanged text is omitted>
7.3.1.1.3	Format 0_2
<Unchanged text is omitted>
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig in dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 or dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 is not configured and transform precoder is disabled, or if transform precoder is enabled, or if maxRank-ForDCIFormat0_2=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for transmission of one PT-RS port and two PT-RS ports respectively, and the DMRS ports are indicated by the Antenna ports field. 
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the "PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth part.
<Unchanged text is omitted>



2.6 Correction to FH field size definition for DCI format 0_2 (38.212, Sec. 7.3.1.1.3)
In the current field description for the Frequency hopping flag field in DCI format 0_2, resource allocation type 0 is not considered (as it was agreed at a rather late phase during RAN1#99). Clearly this needs to be corrected to align with the operation of DCI format 0_1 (i.e. the changes use the related Rel-15 wording from DCI format 0_1). 
Proposal 2.6: Correct the FH flag field size definition for DCI format 0_2 to clarify the operation if configured with resource allocation type 0 in Sec. 7.3.1.1.3 of TS 38.212 by agreeing to the following TP with changes in red:
	TP to TS 38.212, 7.3.1.1.3 to correct the FH bit field size & usage for DCI format 0_2
7.3.1.1.3	Format 0_2
<Unchanged text is omitted>

-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured or if the higher layer parameter frequencyHopping-ForDCIFormat0_2 is not configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<Unchanged text is omitted>




2.7 Correction to PDSCH TDRA for DCI formats 1_2 (38.214, Sec. 5.1.2.1)
When implementing the URLLC CR in Dec. 2019, there has been a small mistake in the editing which now looks as if the TDRA length L is only available if the new reference SLIV is not configured (i.e. for the otherwise clause). We mark this issue in yellow below from the current specifications: 
	-	The reference point S0 for starting symbol S is defined as: 
-	if configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0, and	the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:

if  then


else 



where, and
-	the PDSCH mapping type is set to Type A or Type B as defined in Clause 7.4.1.1.2 of [4, TS 38.211].



This is clearly an error and should be corrected (please note, that there is now separate new bullet re-added from the CR – so that the length L applies to both if conditions on the reference SLIV!). 
Proposal 2.7: Adopt the following text proposal /correct to the time domain resource allocation for DCI format 1_2 to Sec. 5.1.2.1 of TS 38.214 with the changes in red:
	TP to TS 38.214, Sec. 5.1.2.1 – needed correction to TDRA definition (due to error in the URLLC CR implementation)
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271][bookmark: _Toc36645501]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in Clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:



[bookmark: _Hlk32334714]-	The slot allocated for the PDSCH is Ks, where , if UE is configured with CA-slot-offset for at least one of the scheduled and scheduling cell, and Ks = [image: ], otherwise, and where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and


-	 and  are the  and the, respectively, which are determined by higher-layer configured CA-slot-offset, for the cell receiving the PDCCH respectively, and  are the  and the, respectively, which are determined by higher-layer configured CA-slot-offset for the cell receiving the PDSCH, as defined in clause 4.5 of [4, TS 38.211].
-	The reference point S0 for starting symbol S is defined as: 
-	if configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0., and	the starting symbol S relative to the start of the slot, and 
-	Tthe number of consecutive symbols L counting from the starting symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:


if  then


else 



where, and
-	the PDSCH mapping type is set to Type A or Type B as defined in Clause 7.4.1.1.2 of [4, TS 38.211].
<Unchanged text is omitted>



2.8 Remove CBG PUSCH additions to DCI format 0_1 (38.212, Sec. 7.3.1.1.2)
A paragraph in brackets was added with respect to PUSCH CBG operation to DCI format 0_1 as shown below: 
	-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]



First of all, the CBG PUSCH operation has nothing to do with the operation of two PDSCH HARQ-Ack codebooks. Secondly, RAN1 did not agree to support separate CBG operation for PUSCH with respect to different PUSCH priorities (which somehow would be corresponding to different HARQ-Ack codebooks for PDSCH). And it does no really make sense to configure separately, as the DCI overhead would be given by the larger size of the CBGTI field for DCI format 0_1 – therefore, no advantage of allowing such separate configuration is identified which is very much in contrast to CBG of PDSCH for the two HARQ-Ack codebooks resulting in different codebook sizes. 
Therefore, the following TP should be agreed: 
Proposal 2.8: Remove the addition of CBG based PUSCH additions to DCI format 0_1 in Sec. 7.3.1.1.2 of TS 38.212 by agreeing to the following TP with changes in red:
	TP to TS 38.212, 7.3.1.1.2: Removal of CBGTI size alignment clause for DCI format 0_1
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758]7.3.1.1.2	Format 0_1
<Unchanged text is omitted>

-	CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSize.
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
-	PTRS-DMRS association – number of bits determined as follows
<Unchanged text is omitted>



2.9 Determination of DCI field sizes for the case of two HARQ-Ack codebooks (38.212, Section 7.3.1.2.2 and 7.3.1.2.3)
The following working assumption has been made in RAN1#99:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
This was implemented in TS 38.212 as follows e.g. for DAI field in format 1_1 with the parts in yellow:
	-	Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	4 bits if one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, and the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, when the UE is not configured with CORESETPoolIndex or the value of CORESETPoolIndex is the same for all CORESETs if CORESETPoolIndex is provided or the UE is not configured with ACKNACKFeedbackMode = JointFeedback, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_1 for the two HARQ-ACK codebooks are the same.


However, the working assumption is supposed to cover the case when one DCI format can be used to dynamically indicate the HARQ-ACK priority when scheduling PDSCH. In this case, field size alignment would be necessary.  However, configuration of two HARQ-ACK codebooks does not necessarily mean that a particular DCI format can be used to schedule both HARQ-ACK priorities. A more precise condition is to check whether the priority indicator field is present in the format, i.e. if more than one priority is scheduled by the respective DCI format as otherwise, the DCI format size may be unnecessarily large. As a consequence, we suggest agreeing an updated version of the previous working assumption and a related TP to 38.212 as follows: 
Proposal 2.9A: Confirm the RAN1#99 working assumption with the following changes: 
If the UE is configured with dynamic priority indication for DCI formats 0_1, 0_2, 1_1 or 1_2 (using PriorityIndicator-ForDCIFormat0_1/1_1/0_2/1_2)When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following DCI fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)

Proposal 2.9B: Adopt the following text proposal for the DCI field size alignment in case of two HARQ-ACK codebooks for TS 38.212, Section 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 with changes marked in red (and the removal of one unnecessary bullet ‘-‘ marked in red/yellow):
	TP to TS 38.212, Section 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 on DCI field size alignment for the case of two HARQ-ACK codebooks
[bookmark: _Toc19798779][bookmark: _Toc26467250][bookmark: _Toc29326612][bookmark: _Toc29327762]7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	1st downlink assignment index – 1, 2 or 4 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-TotalDAI-Included-r16 configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included-r16 = "enable".. 
	If higher layer parameter PriorityIndicator-ForDCIFormat0_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the 1st downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 1st downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 1st  downlink assignment index until the bit width of the 1st downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
-	2nd downlink assignment index – 0, 2 or 4 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks, or for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and without UL-TotalDAI-Included-r16 configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-TotalDAI-Included-r16 = "enable";
-	0 bit otherwise.
	If higher layer parameter PriorityIndicator-ForDCIFormat0_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the 2nd downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 2nd downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 2nd downlink assignment index until the bit width of the 2nd downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
-	beta_offset indicator – 0 if the higher layer parameter betaOffsets = semiStatic; otherwise 2 bits as defined by Table 9.3-3 in [5, TS 38.213]. 
If higher layer parameter PriorityIndicator-ForDCIFormat0_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the beta_offset indicator in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the beta_offset indicator in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller beta_offset indicator until the bit width of the beta_offset indicator in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

7.3.1.1.3	Format 0_2
<Unchanged text is omitted>
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is not configured;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise.
If higher layer parameter PriorityIndicator-ForDCIFormat0_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 0_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 0_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 0_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
-	beta_offset indicator – 0 bit if the higher layer parameter betaOffsets = semiStatic; otherwise 1 bit if 2 offset indexes are configured by higher layer parameter dynamic-ForDCIFormat0_2 as defined by Table 9.3-3A in [5, TS 38.213], and 2 bits if 4 offset indexes are configured by higher layer parameter dynamic-ForDCIFormat0_2 as defined by Table 9.3-3 in [5, TS 38.213].
If higher layer parameter PriorityIndicator-ForDCIFormat0_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the beta_offset indicator in DCI format 0_2 for one HARQ-ACK codebook is not equal to that of the beta_offset indicator in DCI format 0_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller beta_offset indicator until the bit width of the beta_offset indicator in DCI format 0_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

7.3.1.2.2	Format 1_1
<Unchanged text is omitted>
-	Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	4 bits if one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, and the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, when the UE is not configured with CORESETPoolIndex or the value of CORESETPoolIndex is the same for all CORESETs if CORESETPoolIndex is provided or the UE is not configured with ACKNACKFeedbackMode = JointFeedback, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK. 
-	If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PDSCH is not configured, otherwise, 2, 4, 6, or 8 bits as defined in Clause 5.1.7 of [6, TS38.214], determined by the higher layer parameters maxCodeBlockGroupsPerTransportBlock and maxNrofCodeWordsScheduledByDCI for the PDSCH. 
If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
-	CBG flushing out information (CBGFI) – 1 bit if higher layer parameter codeBlockGroupFlushIndicator is configured as "TRUE", 0 bit otherwise. 
If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG flushing out information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG flushing out information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG flushing out information until the bit width of the CBG flushing out information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

[bookmark: _Toc29326613][bookmark: _Toc29327763]7.3.1.2.3	Format 1_2
<Unchanged text is omitted>
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is not configured;
-	1, 2 or 4 bits determined by higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 otherwise,
-	4 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI
-	1 or 2 bits if only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 1 bit or 2 bits are the counter DAI.
If higher layer parameter PriorityIndicator-ForDCIFormat1_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
-	TPC command for scheduled PUCCH – 2 bits as defined in Clause 7.2.1 of [5, TS 38.213]
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK-ForDCIFormat1_2.
If higher layer parameter PriorityIndicator-ForDCIFormat1_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>



2.10 UL-SCH indicator field for DCI format 0_2 (38.212, Sec. 7.3.1.1.3)
In the current field description, there is still the exception of CS-RNTI in brackets which is directly taken from the Rel-15 exception of DCI format 0_1. We don’t see a need for different treatment of DCI format 0_2 in this respect and therefore suggest to simply remove the brackets there. 
Proposal 2.10: Remove the brackets in the UL-SCH indicator field description of DCI format 0_2 in Sec. 7.3.1.1.3 of TS 38.212 by agreeing to the following TP with changes in red:
	TP to TS 38.212, 7.3.1.1.3 on UL-SCH indicator for DCI format 0_2
7.3.1.1.3	Format 0_2
<Unchanged text is omitted>
-	UL-SCH indicator – 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. [Except for DCI format 0_2 with CRC scrambled by SP-CSI-RNTI,] a UE is not expected to receive a DCI format 0_2 with UL-SCH indicator of "0" and CSI request of all zero(s).
<Unchanged text is omitted>



2.11 Typo/Remove underline from new RRC parameter in UE PDCCH procedures (38.213, Sec. 10.1)
Just remove a simple underline for the new RRC parameter tci-PresentInDCI-ForDCIFormat1_2. 
Proposal 2.11: Adopt the following change to Sec. 10.1 of TS 38.213 to remove the underline from the text marked in yellow:
	TP to TS 38.213, 10.1 – editorial change (removal of underline)
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged text is omitted>
-	an indication for a presence or absence of a transmission configuration indication (TCI) field for a DCI format, other than DCI format 1_0, that schedules PDSCH receptions or indicates SPS PDSCH release and is transmitted by a PDCCH in CORESET [image: ], by tci-PresentInDCI or tci-PresentInDCI-ForDCIFormat1_2.
<Unchanged text is omitted>




2.12 Typo in Modulation order for PUSCH (38.214, Sec. 6.1.4.1)
Just a simple typo from the RAN1 CR in Dec. 2019 – should be ‘or’ instead of ‘for’. 
Proposal 2.12: Adopt the following text proposal for PUSCH modulation order to Sec. 6.1.4.1. to correct a typo marked in red:
	TP to TS 38.214, 6.1.4.1: fix a typo in PUSCH modulation order description
[bookmark: _Toc11352151][bookmark: _Toc20318041][bookmark: _Toc27299939][bookmark: _Toc29673213][bookmark: _Toc29673354][bookmark: _Toc29674347]6.1.4.1	Modulation order and target code rate determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by a fallbackRAR UL grant or
for a MsgA PUSCH transmission, or
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
[bookmark: _Hlk29479539]for a PUSCH scheduled by a DCI format 0_1 for DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH with configured grant using CS-RNTI, and
<Unchanged text is omitted>




3	Remaining issues on PDCCH monitoring enhancements
RAN1 made the following agreements in RAN1#99:
	
Agreement
PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 
· 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
· PDCCH dropping is performed in a span if needed   
· PDCCH overbooking and PDCCH dropping are only allowed on PCell and PSCell
· FFS PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· The maximum number of monitored PDCCH candidates per span is
· M1 per span for (2, 2)
· M2 per span for (4, 3)
· M3 per span for (7, 3)
· Note: 
· The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15
· The value of M1, M2 and M3 can be different and SCS dependent 
· Note: PDCCH overbooking and PDCCH dropping are not performed per slot

Agreement
· Support separate UE capability signaling of the supported combination (X, Y, ) 
· The support of each (X, Y, ) can be reported separately for different minimum processing capability. 
· The value of C for combination (7, 3) for 15 kHz and 30 kHz is 56.
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is [FFS]. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is [FFS]. 
· FFS: Different values for 15kHz and 30kHz

Agreement 
UE reports its PDCCH monitoring capability for the following cases:
· Case 1: Capability on the number of CCs with Rel-15 monitoring capability only
· This capability already exists in Rel-15
· Case 2: Capability on the number of CCs with Rel-16 monitoring capability only
· pdcch-BlindDetectionCA-R16 can be smaller than 4
· Case 3: Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· Each of pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15 can be smaller than 4
· (The minimum of pdcch-BlindDetectionCA-R15 + The minimum of pdcch-BlindDetectionCA-R16) is not larger than 4
· FFS (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4  
· pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 for the above three cases can be reported separately 



Other than the FFS points as highlighted above in the agreements, how to handle CA scaling also remains open.
3.1 Values for C and M
There has been intensive debate on the actual values for C and M, which is basically a balance between UE complexity and gNB scheduling flexibility (which impact the UE/system performance). 
For the value of C for (4, 3) and (2, 2), we see some reduction as reasonable, but preferably the reduction is not too significant to limit the gNB scheduling flexibility.
Proposal 3.1: The value of C for combination (4, 3) for 15 kHz and 30 kHz is 48. The value of C for combination (2, 2) for 15 kHz and 30 kHz is 32.
For the maximum number of PDCCH candidates per span, we would like to point out that if we simply divide the number of BDs supported per slot in Rel-15 by the number of spans to be used for Rel-16 per-span limit, this causes significant restriction for Rel-16 compared to Rel-15. In Rel-15, there is no restriction at all on how the BDs are distributed within a slot. If we translate this into per-span limit, it dictates that the BDs need to be evenly distributed, which would be a degradation instead of an enhancement. Therefore, it would make sense only if we define Rel-16 BD limits such that the total number of BDs per slot is higher than that of Rel-15.
For (7, 3), because there is sufficient gap between two spans for the UE to finish the PDCCH processing of one span before starting the next span, the Rel-15 per-slot limit could be reused as the Rel-16 per-span limit. On the other hand, this may not be possible for (4, 3) or (2, 2). So some reduction for (4, 3) and (2, 2) would be necessary considering UE complexity. As shown by the simulation results in our previous contribution [4], increasing the number of candidates from 8 to 18 per monitoring occasions can roughly reduce the PDCCH blocking probability by one order, which can be critical for URLLC latency performance. Also note that the simulations did not consider the likely two different sizes for DL and UL DCIs.
Proposal 3.2: For 15kHz SCS, the maximum number of monitored PDCCH candidates per span is 44, 30 and 20 for (7, 3), (4, 3) and (2, 2), respectively.
Proposal 3.3: For 30kHz SCS, the maximum number of monitored PDCCH candidates per span is 36, 24 and 16 for (7, 3), (4, 3) and (2, 2), respectively.

3.2 UE reporting capability
One FFS point is for a UE supporting mixed PDCCH capabilities on different carriers, whether (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4. Given that the UE can already separately report pdcch-BlindDetectionCA-R16 for Case 2, which can be smaller than 4, it does not seem so necessary to allow (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) to be smaller than 4.
Proposal 3.4: For case 3, (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) is equal to 4.
Based on the current agreement, the UE is to report a single Case 3 combination of pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16. We think this to be slightly restrictive and are considering if the UE could not report more than one Case 3 combination. 
Let’s just take an example, where the UE reports 6CCs for Rel-15 only and this UE used the processing power of two Rel-15 PDCCH monitoring carriers for a single Rel-16 PDCCH monitoring carrier. For such a UE, the UE the following combinations of Rel-15 and Rel-16 capabilities would be possible: 
· Case 1: 6CCs
· Case 2: 3CCs, as two R15 CCs used to provide capability of one R16 CC
· Case 3: Which of the possible combinations should the UE report here? As there are two options
1. Option 1: 1 R16 + 4 R15
2. Option 2: 2 R16 + 2 R15
For the example here, if the UE reports Case 3 capability as 2 R16 & 2 R15 (Option 2), if the gNB would only configure a single R16 CC based on the reported capability it would not know that actually 4 R15 CCs could be configured in addition as the reported capability only indicates 2 R15 CCs (i.e. gNB cannot configure the UE up to its full potential). Similarly, if the UE would report as single Case 3 capability as 1 R16 & 4 R15, if the gNB would configure 2 R16 CCs it would need to use the Case 2 assumption on the total number of carriers and could therefore only configure a single R15 CC in addition (although the UE would support 2 R15 CCs in addition). So overall, having the Case 3 UE capability reporting limited to a single R15&R16 combination will lead to situations, where the gNB cannot configure the UE up to its full PDCCH monitoring capability.
Proposal 3.5: Support more than one case 3 combination (i.e. combination of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16) to be reported by the UE, to be able to operate the UE up to its full potential.

3.3 Enhanced PDCCH monitoring with CA
There had been extensive discussion in RAN1#100-e on how to handle the CA case when the reported capability is less than the actual configured number of CCs. It was acknowledged that there are two cases, namely with aligned spans and with unaligned spans, and it makes sense to treat these two cases differently or independently.
For the case with aligned span, we have agreed on the following working assumptions:
	Working assumption:    
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image023.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image024.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image033.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image034.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   




There had been discussions during RAN1#100-e on the related operation for unaligned spans, but no agreement could be achieved. In the FL summary in R1-2001409, proposals 1 and 2 are noted for possible agreement for unaligned spans:
	FL Proposal #1 on unaligned spans:: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image014.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image017.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   
 
FL Proposal #2 on unaligned spans: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image029.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image030.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  



Although, Proposals 1 and 2 on unaligned spans are taking a rather conservative approach as the worst-case spans per cell are used for the determination, at least this is a workable solution. It seems if there is no better / more optimized workable solution identified, the FL proposal 1 & 2 are at least a good starting point for further discussions during RAN1#100bis-e.  
Observation 3.1: Although Proposals 1 and 2 in the FL summary in R1-2001409 on enhanced PDCCH monitoring with CA for unaligned spans are taking a rather conservative approach, at least this would be a workable solution. If there is no better / more optimized workable solution identified, the FL proposal 1 & 2 are at least a good starting point for further discussions during RAN1#100bis-e.  

3.4 Overbooking and dropping
Over how many and which spans overbooking/dropping should be allowed was discussed in RAN1#100-e, and the following options were listed for further consideration:
Proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
       Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
o   Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
o   Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
o   Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
  For the value of X,
· Alt.3-1: X=2 
· Alt.3-2: X=1
· Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  
        Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
o    Alt. 1: the value of X is 1
o   Alt. 2: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 

As discussed in our previous contribution and during RAN1#100-e, we support Option 3 as being the least restrictive option here. 
Proposal 3.6: Support overbooking/dropping Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.  With second priority, Option 1 Alt. 1 (i.e. All span(s) with CSS present within a slot, including type-3 CSS) could be considered. 
It was also discussed how dropping should be performed within a span. In particular, the following was listed for further consideration in the FL summary of R1-2001408 in Sec. 2.2.4:
Proposal #2: PDCCH candidate dropping in a span, down select one from the following options:
· [bookmark: _Hlk36227195]Option 1 (i.e. original option 2): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set 
· Option 2 (i.e. original option 3): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
Option 1 basically follows the SSS level dropping of Rel-15 whereas Option 2 could be clearly more optimal as already extensively discussed during Rel-15. During the Rel-15 discussions it has been raised that a finer granularity dropping than per SSS towards would increase the UE complexity in terms of either online calculation of PDCCH candidates or higher storage requirements related monitoring for certain slots /spans. As a consequence, dropping with granularity less than SS-set was not agreeable in R15. Moreover, the detailed dropping rules (or order) within the SSS of highest mapped index would need to be defined here which would potentially require further discussions. Considering that we are already in the CR phase (and the lack of online discussion time), we therefore think that applying the R15 dropping rules of Option 1 to be the only feasible option at this point of time. 
Proposal 3.7: Support Rel-15 type of SS-set level dropping according to Option 1 of the RAN1#100-e meeting (of FL summary in R1-2001408).
4	Conclusions
In this contribution, we discuss the identified clarifications and additions on PDCCH enhancements with respect to the Rel-16 URLLC & IIoT WIs. 

The discussions in Sec. 2 on PDCCH enhancement (DCI format 0_2 / 1_2) issues can be summarized as 
· Proposal 2.1: Follow the Rel-15 principle of supporting zero padding in case the DCI size budget is not exceeded (i.e. in steps 2A, 2B) and not supporting zero padding in case the DCI size budget is exceeded (i.e. in steps 4X), i.e. 
· For step 2A, one zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS, i.e. remove the brackets in step 2A of the DCI size alignment of Sec. 7.3.1.0 of TS 38.213. 
· For step 2B, one zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same or a different USS when having the same size after step 2A, i.e. support the intention of step 2B as outlined in the RAN1#100-e FL summary in R1-2001404 with a slight change to include the same or different search space. 
· For steps 4X, do not support zero padding to distinguish the DCI sizes as in case of Rel-15, i.e. no changes to steps 4A to 4C are seen as needed. 
Adopt the related text proposal on DCI size alignment to Sec. 7.3.1.0 of TS 38.212 as described in Sec. 2.1.
· Finalize / complete the DM-RS and PTRS reception / transmission procedure for DCI format 0_2 and 1_2, where for DM-RS operation of the new DCI formats follows the fallback DCI if not having the DM-RS specifically configured and the configurable Rel-15 DCI formats otherwise and for the PTRS procedure to follow the PTRS of the DM-RS config for the new DCI formats, which includes the following steps:
· Proposal 2.2: Adopt the text proposal for PDSCH DMRS reception with DCI format 1_2 to Sec. 5.1.3.2 and 5.1.6.2 of TS 38.214 as described in Sec. 2.2.
· Proposal 2.3: Adopt the text proposal for PUSCH DMRS transmission with DCI format 0_2 to Sec. 6.1.4.2 and 6.2.2 of TS 38.214 as described in Sec. 2.3. 
· Proposal 2.4: Adopt the text proposal for PDSCH PTRS reception with DCI format 1_2 to Sec. 5.1.6.2 & 5.1.6.3 of TS 38.214 as described in Sec. 2.4. 
· Proposal 2.5A: Adopt the text proposal for PDSCH PTRS transmission with DCI format 0_2 to Sec. 6.2.3 & 6.2.3.1 of TS 38.214 as described in Sec. 2.5.
· Proposal 2.5B: Adopt the text proposal on the PTRS-DMRS association field for DCI format 0_1 and 0_2 to Sec. 7.3.1.1.2 & 7.3.1.1.3 of TS 38.212 as described in Sec. 2.5.

· Proposal 2.6: Correct the FH flag field size definition for DCI format 0_2 to clarify the operation if configured with resource allocation type 0 in Sec. 7.3.1.1.3 of TS 38.212 as described in Sec. 2.6. 

· Proposal 2.7: Adopt the text proposal /correction to the time domain resource allocation for DCI format 1_2 to Sec. 5.1.2.1 of TS 38.214 as described in Sec. 2.7.

· Proposal 2.8: Remove the addition of CBG based PUSCH additions to DCI format 0_1 in Sec. 7.3.1.1.2 of TS 38.212 as described in Sec. 2.8.

· Proposal 2.9A/B: Confirm the RAN1#99 working assumption with the following changes: 
If the UE is configured with dynamic priority indication for DCI formats 0_1, 0_2, 1_1 or 1_2 (using PriorityIndicator-ForDCIFormat0_1/1_1/0_2/1_2)When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following DCI fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
Adopt the related text proposal for the DCI field size alignment in case of two HARQ-ACK codebooks for TS 38.212, Section 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 as described in Sec. 2.9.

· Proposal 2.10: Remove the brackets in the UL-SCH indicator field description of DCI format 0_2 in Sec. 7.3.1.1.3 of TS 38.212 as described in Sec. 2.10.

· Proposal 2.11: Adopt the editorial change to Sec. 10.1 of TS 38.213 to remove the underline from the text marked as described in Sec. 2.11.

· Proposal 2.12: Adopt the text proposal for PUSCH modulation order to Sec. 6.1.4.1. to correct a typo as described in Sec. 2.12.

[bookmark: _GoBack]
The discussions in Sec. 3 on PDCCH monitoring enhancements can be summarized as: 
· Proposal 3.1: The value of C for combination (4, 3) for 15 kHz and 30 kHz is 48. The value of C for combination (2, 2) for 15 kHz and 30 kHz is 32.
· Proposal 3.2: For 15kHz SCS, the maximum number of monitored PDCCH candidates per span is 44, 30 and 20 for (7, 3), (4, 3) and (2, 2), respectively.
· Proposal 3.3: For 30kHz SCS, the maximum number of monitored PDCCH candidates per span is 36, 24 and 16 for (7, 3), (4, 3) and (2, 2), respectively.
· Proposal 3.4: For case 3, (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) is equal to 4.
· Proposal 3.5: Support more than one case 3 combination (i.e. combination of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16) to be reported by the UE, to be able to operate the UE up to its full potential.
· Observation 3.1: Although Proposals 1 and 2 in the FL summary in R1-2001409 on enhanced PDCCH monitoring with CA for unaligned spans are taking a rather conservative approach, at least this would be a workable solution. If there is no better / more optimized workable solution identified, the FL proposal 1 & 2 are at least a good starting point for further discussions during RAN1#100bis-e.  
· Proposal 3.6: Support overbooking/dropping Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.  With second priority, Option 1 Alt. 1 (i.e. All span(s) with CSS present within a slot, including type-3 CSS) could be considered. 
· Proposal 3.7: Support Rel-15 type of SS-set level dropping according to Option 1 of the RAN1#100-e meeting (of FL summary in R1-2001408).
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