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1	Introduction
In principle, works on PDCCH enhancement for NR URLLC in Rel-16 have been completed in RAN1#99. The enhancements comprise introduction of new DCI formats 0_2/1_2 with configurable fields including new fields to support various enhancements on PUSCH, UL intra UE prioritization and UL inter UE cancellation, and the new PDCCH monitoring capability defined per PDCCH monitoring span. Nevertheless, there are still some remaining issues that need to be addressed. In this contribution, we discuss these remaining issues. Text proposals are also provided for corresponding specifications.
[bookmark: _Ref178064866]2	Discussion
2.1	RIV formula for FDRA type 1 with scheduling granularity larger than 1 RB
DCI formats 0_2/1_2 support FDRA type 1 indication where the granularity can be larger than 1 RB. A formula is needed to describe the resource indication value (RIV). We propose to extend the existing RIV formula for FDRA type 1 considering the granularity K. Note that the proposed formula is essentially the same as that for the case when the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP.
With granularity K larger than 1 RB, there can be remaining RBs in the BWP with size smaller than K. To make use of such resources, it is reasonable that these remaining RBs are included in the last allocation of the BWP. 

[bookmark: _Toc32612985]Extend the existing RIV formula for FDRA type 1 considering the granularity K by reusing the formula for the case when the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP.
[bookmark: _Toc32612986]For FDRA type 1 with granularity larger than 1 RB, the remaining RBs in the BWP with size smaller than the granularity can be included in the frequency domain resource allocation of the last RIV.

	TP for 38.214, Section 5.1.2.2.2
---------------------------- Start of proposed TP for 38.214  --------------------------------------------
When the scheduling grant is received with DCI format 1_2, a downlink type 1 resource allocation field consists of [TBD]. a resource indication value (RIV) corresponding to a starting virtual resource block  and a length in terms of contiguously allocated resource blocks , where K is given by ResourceAllocationType1-granularity-ForDCIFormat1_2 if configured; otherwise K = 1. 
The resource indication value is defined by
if  then
 
else 
 
[bookmark: _Hlk23846953]where ,  and , , and where   and shall not exceed . 
[If the resource allocation indicates the corresponding PDSCH is mapped to mapped onto an RB index , the UE shall assume the PDSCH is also mapped to that the PDSCH is also extended to include PRB indexes  to .]
----------------------------------------------End of proposed TP ----------------------------------------------------



	TP for 38.214, Section 6.1.2.2.2
---------------------------- Start of proposed TP for 38.214  --------------------------------------------
When the scheduling grant is received with DCI format 0_2, an uplink type 1 resource allocation field consists of [TBD]. a resource indication value (RIV) corresponding to a starting virtual resource block  and a length in terms of contiguously allocated resource blocks , where K is given by ResourceAllocationType1-granularity-ForDCIFormat0_2 if configured; otherwise K = 1. 
The resource indication value is defined by
if  then
 
else 
 
where ,  and , , and where   and shall not exceed . 
[If the resource allocation indicates the corresponding PUSCH is mapped to mapped onto an RB index , the UE shall assume the PUSCH is also mapped to that the PUSCH is also extended to include PRB indexes  to .]
----------------------------------------------End of proposed TP ----------------------------------------------------



Based on the proposed RIV formula above, the number of bits needed in the FRDA field is thus  bits. The corresponding text changes are required in TS 38.212, i.e., floor(.) function should be used instead of ceil(.) inside the log2(.) in all relevant formulae.

[bookmark: _Toc32612987]Number of bits of the FDRA field for FDRA type 1 with granularity K is    bits.

	TP for 38.212, Section 7.3.1.1.3 
---------------------------- Start of proposed TP for 38.212  --------------------------------------------
-	Frequency domain resource assignment – number of bits determined by the following:
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 6.1.2.2.1 of [6, TS 38.214]
-	[]  bits if only resource allocation type 1 is configured, or []  bits if both resource allocation type 0 and 1 are configured, where  is defined in clause 7.3.1.0 and  is given by higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat0_2. If the higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat0_2 is not configured,  is equal to 1.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 6.1.2.2.1 of [6, TS 38.214].
-	For resource allocation type 1, the [  ]  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:
-	MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214], where  if the higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 contains two offset values and if the higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 contains four offset values
-	[] bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
-	For non-PUSCH hopping with resource allocation type 1:
-	[]  bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
----------------------------------------------End of proposed TP ----------------------------------------------------

TP for 38.212, Section 7.3.1.2.3
---------------------------- Start of proposed TP for 38.212  --------------------------------------------
-	Frequency domain resource assignment – number of bits determined by the following:
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 5.1.2.2.1 of [6, TS 38.214];
-	[ ] bits if only resource allocation type 1 is configured, or []  bits if both resource allocation type 0 and 1 are configured, where is given by clause 7.3.1.0 and  is determined by higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat1_2. If the higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat1_2 is not configured,  is equal to 1.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 5.1.2.2.1 of [6, TS 38.214].
-	For resource allocation type 1, the [  ]  LSBs provide the resource allocation as defined in Clause 5.1.2.2.2 of [6, TS 38.214]
----------------------------------------------End of proposed TP ----------------------------------------------------



2.2	Redundancy version field in DCI format 0_2
One remaining issue on PUSCH repetition enhancement in Rel-16 is regarding redundancy version sequence to be used for PUSCH repetition. 
During the discussion leading to the RRC parameter conclusion in [1], it was noted (copied below) that it is straightforward to combine existing agreements on configurable RV field for DL DCI format 1_2 and RV indication by DCI for the first PUSCH repetition.  However, this note is misleading and does not take into account the difference between PDSCH and PUSCH scheduling. 
	Note: There is no explicit agreement for DCI format 0_2, but according to the agreement below for PUSCH and agreement for DCI format 1_2, this RRC parameter is straightforward to be included.
Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
• If 0 bit is configured, RV0 is used. 
• If 1 bit is configured, RV0 and RV3 are indicated dynamically 
Agreement:
For DG PUSCH with PUSCH repetition type B, the RV for the first repetition is provided by DCI, and RV cycling is done across the repetitions using the RV sequence of {0, 2, 3, 1}.
• “repetition” means actual repetition 



For DCI format 1_2 scheduling PDSCH, if only one bit is signalled, the redundancy version to be applied is either 0 or 3. This is a reasonable choice for PDSCH since both RV 0 and 3 are self-decodable for high code rate, and error cases exist where the gNB cannot tell whether the UE received the first transmission and stored the corresponding soft values or not. This is not the case for PUSCH. If the UE does not transmit the PUSCH correctly due to a missed grant, it is possible for the gNB to detect this, e.g. by looking at the noise level estimate based on DMRS. In this case the gNB can schedule the retransmission using RV 0 (basically treating it as the first transmission), which gives better performance than using RV 3 for a first transmission. On the other hand, if the first PUSCH transmission is transmitted correctly, but not decoded at the gNB due to a noisy transmission, the gNB would like to schedule the retransmission using RV 2, and soft combine with the first transmission. This gives better performance than using RV 3, as can be seen in [2] where Figure 1 appears. For this case, LDPC base graph (BG) #1 is used for information block size of K=1056 bits, and two consecutive transmissions are soft combined before decoding. As can be observed from Figure 1, for medium to high code rates above 2/3 (=0.67), the difference between using RV 3 and RV 2 for the second transmission is more than 1.5 dB over an AWGN channel.
[image: ]
[bookmark: _Ref32609378]Figure 1: Required SNR for decoding after two transmissions for different RV orders for BG1. K is the TBS including CRC bits.

Dynamically scheduled PUSCH is a case where there is no ambiguity about whether transmission occurred, or which instance of a transmission occurred. Self-decodability is not important for an individual retransmission. Hence the gNB should be able to schedule for best performance, i.e. it should be able to signal RV 2.
The note above did not capture these aspects and thus cannot be used to conclude on the RV field for DCI format 0_2. Instead, we have the following observation and proposal. The text proposal for TS 38.212 is also provided below.
[bookmark: _Toc32612974]For dynamically scheduled PUSCH, there is no ambiguity at the gNB whether the first transmission occurred or not, and RV should be chosen to maximize performance.
[bookmark: _Toc32612988]Adopt the below text proposal for 38.212 to enable the gNB to signal RV 2 using DCI format 0_2.

	TP for 38.212, Section 7.3.1.1.3
---------------------------- Start of proposed TP for 38.212  --------------------------------------------
- Redundancy version – 0, 1 or 2 bits determined by higher layer parameter NumberofbitsforRV-ForDCIFormat0_2
-	If 0 bit is configured, rvid to be applied is 0;
-	1 bit according to Table 7.3.1.2.3-1 7.3.1.1.3-2;
-	2 bits according to Table 7.3.1.1.1-2. 
Table 7.3.1.1.3-2: Redundancy version
	Value of the Redundancy version field
	Value of  to be applied

	0
	0

	1
	2



----------------------------------------------End of proposed TP ----------------------------------------------------



2.3	DCI size alignment procedure
In this section, we discuss impact of new DCI formats on the existing DCI size alignment procedure. The DCI size alignment procedure in Rel-15 is based only on Rel-15 DCI formats and the DCI size budget of “3+1”. With the introduction of the new DCI formats and possibly new capability for the improved DCI size budget, the size alignment procedure would require some changes. 
In RAN1#99, two new steps are introduced to support size-alignment of the DCI formats 0_2 and 1_2, and size-alignment of the DCI formats 0_1 and 1_1. However, there remain some extra steps needed to complete the size alignment procedure for Rel-16. Here we propose the following text changes to TS 38.212.  Essentially, the remaining steps deal with the case when both DCI formats 0_1/1_1 and DCI formats 0_2/1_2 are configured to be monitored in USS. In such case, their sizes should be made distinguishable. If their sizes are equal, one zero bit is appended to the DCI format 0_1 or 1_1 (or alternatively 0_2/1_2).
[bookmark: _Toc32612975]If both DCI formats 0_1/1_1 and 0_2/1_2 are configured for UE to monitor in USS, their size should be made different so that they are distinguishable.  
[bookmark: _Toc32612989]Extend the Rel-16 DCI size alignment procedure to cover the case where both DCI formats 0_1/1_1 and 0_2/1_2 are configured for UE to monitor in UE-specific search space(s). 

	TP for TS 38.212, Section 7.3.1.0
---------------------------- Start of proposed TP for 38.212  --------------------------------------------
7.3.1.0	DCI size alignment
If necessary, padding or truncation shall be applied to the DCI formats according to the following steps executed in the order below:
Step 0:

-	Determine DCI format 0_0 monitored in a common search space according to clause 7.3.1.1.1 where  is the size of the initial UL bandwidth part.

-	Determine DCI format 1_0 monitored in a common 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.
-	If DCI format 0_0 is monitored in common search space and if the number of information bits in the DCI format 0_0 prior to padding is less than the payload size of the DCI format 1_0 monitored in common search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 until the payload size equals that of the DCI format 1_0.
-	If DCI format 0_0 is monitored in common search space and if the number of information bits in the DCI format 0_0 prior to truncation is larger than the payload size of the DCI format 1_0 monitored in common 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 equals the size of the DCI format 1_0.
Step 1:

-	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 active UL bandwidth part.

-	Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where  is the size of the active DL bandwidth part. 
-	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 DCI format 0_0 in UE-specific search space for the SUL is not equal to the number of information bits in DCI format 0_0 in UE-specific search space for the non-SUL, a number of zero padding bits are generated for the smaller DCI format 0_0 until the payload size equals that of the larger DCI format 0_0.
-	If DCI format 0_0 is monitored in UE-specific search space and if the number of information bits in the DCI format 0_0 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 until the payload size equals that of the DCI format 1_0.
-	If DCI format 1_0 is monitored in UE-specific search space and if the number of information bits in the DCI format 1_0 prior to padding is less than the payload size of the DCI format 0_0 monitored in UE-specific search space for scheduling the same serving cell, zeros shall be appended to the DCI format 1_0 until the payload size equals that of the DCI format 0_0
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 both DCI formats 0_1/1_1 and 0_2/1_2 are configured for UE to monitor in UE-specific search space, 
- If the size of DCI format 0_1 equals that of a DCI format 0_2, one bit of zero padding shall be appended to DCI format 0_1. 
- If the size of DCI format 1_1 equals that of a DCI format 1_2, 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 4A_1:
-	If both DCI formats 0_1/1_1 and 0_2/1_2 are configured for UE to monitor in UE-specific search space, 
- If the size of DCI format 0_1 equals that of a DCI format 0_2, one bit of zero padding shall be appended to DCI format 0_1. 
- If the size of DCI format 1_1 equals that of a DCI format 1_2, one bit of zero padding shall be appended to DCI format 1_1. 
Step 4B:
-	If the total number of different DCI sizes configured to monitor is not more than 4 for the cell after applying the above steps, or and if the total number of different DCI sizes with C-RNTI configured to monitor is not more than 3 for the cell after applying the above steps, the size alignment procedure is complete.
    Otherwise
-	Remove the padding bit (if any) introduced in Step 4A_1 above.
-	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 4B_1:
- If the size of DCI format 0_1 equals that of a DCI format 0_2, one bit of zero padding shall be appended to DCI format 0_1. 
- If the size of DCI format 1_1 equals that of a DCI format 1_2, one bit of zero padding shall be appended to DCI format 1_1. 
Step 4C:
-	If the total number of different DCI sizes configured to monitor is not more than 4 for the cell after applying the above steps, or and if the total number of different DCI sizes with C-RNTI configured to monitor is not more than 3 for the cell after applying the above steps, the size alignment procedure is complete. 
Otherwise
-	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_1 in a UE-specific search space is equal to DCI format 0_2 in same or another UE-specific search space; or
-	the size of DCI format 1_1 in a UE-specific search space is equal to DCI format 1_2 in same or another UE-specific search space
----------------------------------------------End of proposed TP ----------------------------------------------------




2.4	PDCCH monitoring capability of fallback DCI formats with DCI format x_1 or x_2 in a certain UE-specific search space

So far there is no explicit agreement on how the DCI formats 0_2/1_2 in USS are configured to the UE. The existing agreements only covered the introduction of the new DCI formats and the possibility of having both DCI formats 0_1/1_1 and 0_2/1_2 configured in a certain USS, i.e.,  
Agreements:
• Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.
Agreement
It is allowed to configure both DCI format 0_1/1_1 and DCI format 0_2/1_2 to be monitored in a certain search space set for scheduling the same cell. 
- This feature is UE optional
In the current version of the specifications, TS 38.213 and TS 38.331, a new field dci-FormatsExt-r16 is introduced for configuring the new DCI formats in USS in the SearchSpace IE. In our view, this is to allow configuration of the new DCI formats in USS without causing backward compatibility issue to the existing UEs configured to monitor DCI format in USS by dci-Formats. Also, the configuration of formats0-0-And-1-0 or formats0-1-And-1-1 in dci-Formats implies that the DCIs are not allowed to have any new fields introduced in Rel-16, while those configured in dci-FormatsExt-r16 can have some new fields.
Since in Rel-16 there are several new fields introduced in DCI formats 0_1/1_1 and there is also a new field, e.g., ChannelAccess-CPext introduced for DCI formats 0_0/1_0, both the value formats0-0-And-1-0 and formats0-1-And-1-1 should be included in dci-FormatsExt-r16.

[bookmark: _Toc32612976]Current version of 38.213 includes formats0-0-And-1-0 but not formats0-1-And-1-1 in the field dci-FormatsExt-r16.
[bookmark: _Toc32612990]Clarify the intention of values formats0-0-And-1-0 or formats0-1-And-1-1 in the field dci-FormatsExt-r16 and include both formats0-0-And-1-0 and formats0-1-And-1-1 as possible values in the field dci-FormatsExt-r16.

	TP for 38.213, Section 10.1
---------------------------- Start of proposed TP for 38.213  --------------------------------------------
For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: ] search space sets where, for each search space set from the [image: ] search space sets, the UE is provided the following by SearchSpace: 
-	a search space set index [image: ], [image: ], by searchSpaceId 
-	an association between the search space set [image: ] and a CORESET [image: ] by controlResourceSetId 
-	a PDCCH monitoring periodicity of [image: ] slots and a PDCCH monitoring offset of [image: ] slots, by monitoringSlotPeriodicityAndOffset
-- OMITTED TEXTS---
-	if search space set [image: ] is a USS set, an indication by dci-Formats to monitor PDCCH candidates either for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1, or an indication by dci-Formats-Rel16 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1, or for DCI format 0_2 and DCI format 1_2, or, if a UE indicates a corresponding capability, for DCI format 0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2, or for DCI format 3_0, or for DCI format 3_1, or for DCI format 3_0 and DCI format 3_1 
----------------------------------------------End of proposed TP ----------------------------------------------------



2.5	Improved PDCCH monitoring capability
2.5.1	The per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span for different combinations of (X,Y) and SCS
In RAN1 #99, the per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span for combination (7,3) is specified for 15 and 30 kHz SCS to be 56 which is the per-slot limit of Rel-15. Since there can be maximum of 2 spans in a slot for (7,3), in a sense, the CCE limit per slot is doubled compared to that of Rel-15.    
In our view, the limit per monitoring span should be large enough to support flexible search space configuration while being reasonable from UE complexity perspective. This is especially true when the span limit is the same across different spans within a slot and each span can cover CSS and/or USS. Otherwise, the limit can cause severe scheduling limitation, e.g., at the first span in a slot. 
In addition, as a CORESET bandwidth for URLLC UE can be large, it is beneficial to support at least one AL16 candidate without blocking to other low AL candidates. Lastly, it is also reasonable to consider URLLC UE as a more advanced UE which is more capable than UE running only eMBB service. With these motivations, we propose the following per-CC limit in Table 1.
Table 1: The per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span for different combinations of (X,Y) and SCS.
	 
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2
	2
	32
	32
	16 
	16

	Combination 2
	4
	3
	48
	48
	32
	24

	Combination 3
	7
	3
	56
	56
	48
	32



In our view it is also useful to define the limit C for each (X,Y) for all SCS. Although at high SCS one PDCCH monitoring occasion in a slot may be sufficient to achieve certain latency requirement, it is still beneficial to have multiple PDCCH monitoring occasions in a slot to achieve sufficiently low PDCCH blocking probability e.g. as shown in [3]. Due to potential impact on UE feature discussion, it is suggested that the decision should be made regarding the support of Rel-16 monitoring capability for high SCS.
[bookmark: _Toc32612991]Define the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a combination of SCS and (X,Y) reporting capability as in Table 1. 

	 TP for 38.213, Section 10.1
---------------------------- Start of proposed TP for 38.213  --------------------------------------------
Table 10.1-3A provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a single serving cell.
Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span of a span pattern for a candidate value (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern  and per serving cell for each candidate value (X,Y) and SCS

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	C01 32
	C02 48
	56

	1
	C11 32
	C12 48
	56


[bookmark: _Hlk29903137]A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns candidate values (X,Y) = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and . If the UE indicates a capability to monitor PDCCH according to multiple span patterns candidate values and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple span patterns reported candidate values (X,Y), the UE is expected to monitor PDCCH according to the span pattern candidate value (X,Y) associated with the largest maximum number of .
----------------------------------------------End of proposed TP ----------------------------------------------------



2.5.2	The per-CC limit on the maximum number of monitored PDCCH candidates (blind decode limit) per monitoring span for different combinations of (X,Y) and SCS
According to the agreement in RAN1 #99, NR Rel-16 also supports PDCCH blind decode limit per monitoring span. The total number of blind decodes performed at a UE depends on the number of different DCI sizes and number of PDCCH candidates for each AL configured for the UE to monitor. For good scheduling flexibility, it is preferred that multiple PDCCH candidates can be configured to UE for different AL in a search space. With URLLC UE expected to be more capable than regular eMBB UE, it is reasonable to define the per-span blind decode limit to be superior to the Rel-15 slot limit. This is partly supported by the agreement that the total number of monitored PDCCH candidates for Rel-16 monitoring capability is not smaller than the limit per slot in Rel-15. Based on discussion above, we propose the following per-CC limit for the maximum number of blind decode in Table 2 below.
Table 2: The per-CC limit on the maximum number of monitored PDCCH candidates per monitoring span for different combinations of (X,Y) and SCS.
	 
	X
	Y
	M

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2
	2
	28
	24
	14
	12

	Combination 2
	4
	3
	32
	28
	18
	16

	Combination 3
	7
	3
	44
	36
	22
	20



[bookmark: _Toc32612992]Define the per-CC limit on the maximum number of monitored PDCCH candidates per PDCCH monitoring span for a combination of SCS and (X,Y) reporting capability as in Table 2. 

	TP for 38.213, Section 10.1
---------------------------- Start of proposed TP for 38.213  --------------------------------------------
Table 10.1-2A provides the maximum number of monitored PDCCH candidates, , per span for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2A: Maximum number  of monitored PDCCH candidates in a span of a span pattern for a candidate value (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern  and per serving cell for each candidate value (X,Y) and SCS 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	M01 28
	M02 32
	M03 44

	1
	M11 24
	M12 28
	M13 36



----------------------------------------------End of proposed TP ----------------------------------------------------



2.5.3	Rel-16 limit for the CA case
Agreement 
[bookmark: _Hlk25598689]UE reports its PDCCH monitoring capability for the following cases:
· [bookmark: _Hlk25598747]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 

For CA case, it was agreed that UE can report the number of serving cells it is capable of monitoring in different ways. Three options are supported, i.e., Case 1) reporting the number of serving cells with Rel-15 monitoring capability (slot-based) only by pdcch-BlindDetectionCA as in Rel-15, Case 2) reporting the number of serving cells with Rel-16 monitoring capability (span-based) only by pdcch-BlindDetectionCA-R16, and Case 3) reporting both number of serving cells with Rel-15 monitoring capability (slot-based) and Rel-16 monitoring capability (span-based) by pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 where they can be reported separately. 
For Case 2, the minimum number of pdcch-BlindDetectionCA-R16 is still open but it can be smaller than 4, while for Case 3, it remains open whether (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4.
For URLLC requiring low latency and high reliability, CA operation can still be relevant. Therefore, for Case 3 where UE running both URLLC and eMBB is relevant, it is preferred that (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) is at least 4.
In terms of the maximum reported number of monitored cells, the same value 16 of pdcch-BlindDetectionCA can be used for pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15. 

[bookmark: _Toc32612993]For Case 3, (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) is 4. 

For UE capability in terms of the number of serving cells related to Rel-16 PDCCH monitoring capability, the current version of the specification should be completed with the support of two sets of serving cells for M-DCI based multi-TRP. Due to different nature of PDCCH monitoring (per slot for Rel-15 and per span for Rel-16 monitoring capability), it is proposed that UE can report separate values for its capability in terms of number of cells with Rel-15 and Rel-16 monitoring capabilities. 

[bookmark: _Toc32612994]The reported UE capability in terms of the number of serving cells related to Rel-16 PDCCH monitoring capability should be completed with the support of two sets of serving cells for multi-TRP transmission. 

	TP for TS 38.213, Section 10
---------------------------- Start of proposed TP for 38.213  --------------------------------------------
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells, and
 -	a second set of  serving cells where the UE is provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells and the UE is not provided PDCCHMonitoringCapabilityConfig for any downlink cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all downlink cells where the UE monitors PDCCH, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates and for a maximum number of non-overlapped CCEs the UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot that corresponds to [image: ] downlink cells, where
-	[image: ] is  if the UE does not provide pdcch-BlindDetectionCA where  is the number of configured downlink serving cells
-	otherwise, [image: ] is the value of pdcch-BlindDetectionCA 
--- OMITTED TEXTS ---
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells, and
 -	a second set of  serving cells where the UE is provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA-r16, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than X downlink cells, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over more than X downlink cells. When a UE is not configured for NR-DC operation and the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cell where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to  downlink cells, where
-	 is  the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16 where is the number of configured downlink cells
-	otherwise,  is the value of pdcch-BlindDetectionCA-r16
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells with Rel-15 PDCCH monitoring capability, and
 -	a second set of  serving cells where the UE is provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells with Rel-15 PDCCH monitoring capability
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA-r15, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells with Rel-16 PDCCH monitoring capability, and
 -	a second set of  serving cells where the UE is provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells with Rel-16 PDCCH monitoring capability
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA-r16, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than Y downlink cells or larger than Z downlink cells, respectively, the UE includes in UE-NR-Capability-r15 or in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability or for downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability when the UE is configured for carrier aggregation operation over more than Y downlink cells or over more than Z downlink cells, respectively, and with at least one downlink cells from the Y downlink cells and at least one downlink cell from the Z downlink cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to  downlink cells or to  downlink cells, respectively, where
-	 is  the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15 where is the number of configured downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability
-	otherwise,  is the value of pdcch-BlindDetectionCA-r15
and
-	 is  the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16 where is the number of configured downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability
-	otherwise,  is the value of pdcch-BlindDetectionCA-r16
----------------------------------------------End of proposed TP ----------------------------------------------------



In the current version of 38.213, only the CA limit for Case 1 is specified. The limits on non-overlapping CCE and blind decode for the CA case when UE is configured with Rel-16 PDCCH monitoring capability (e.g., Case 2 and 3) are still missing. 
With Rel-16 PDCCH monitoring capability where the limit is defined per span, it may occur that PDCCH monitoring span pattern are different in different cells. A new CA-limit should handle such possibility. For example, when the UE is configured with the number of serving cells larger than its reported capability, the CA limit for each SCS and each (X,Y) is derived by scaling the total limit for the reported capability by the ratio between the configured number of cells for the SCS and (X,Y) and the total number of configured cells over all SCS.
For Case 2 where UE is configured with Rel-16 monitoring capability for all serving cells, the derivation of total number of blind-decodes or non-overlapping CCEs per group of cells with certain SCS can be done based on Rel-16 span-based monitoring capability using the new CA-limit. 
For Case 3 where UE is configured with Rel-15 for some cells and Rel-16 monitoring capability for the remaining cells, the derivation of total number of blind-decodes or non-overlapping CCEs per group of cells with certain SCS can be done separately for the Rel-15 slot-based monitoring capability using the existing CA-limit and Rel-16 span-based monitoring capability using the new CA-limit. 
Similarly as before, due to different nature of PDCCH monitoring (per slot for Rel-15 and per span for Rel-16 monitoring capability), it is proposed that UE can be configured with separate scaling values with Rel-15 and Rel-16 monitoring capabilities when deriving the number of serving cells taking into account two sets of serving cells for multi-TRP transmission.

[bookmark: _Toc32612995]Modify and reuse the Rel-15 derivation for the Rel-16 CA-limit for the total number of blind-decodes or non-overlapping CCEs per group of cells with a certain SCS and (X,Y) by replacing the slot limit with the span limit. Consider only relevant SCS for which the Rel-16 per-span limits are defined.
[bookmark: _Toc32612996]For Case 3, the derivation of the CA-limit is separately for the Rel-15 (slot-based) monitoring capability and Rel-16 (span-based) monitoring capability. 

We propose the following TP where the discussion and formulas for the CA-limit are expressed in a general form. In case that there is no Rel-16 monitoring capability (per-span limit) defined for SCS = 60 and 120 kHz, then those parameters are ignored in the expression. 
	TS 38.213, Section 10.1
---------------------------- Start of proposed TP for 38.213  --------------------------------------------
If a UE is not provided PDCCHMonitoringCapabilityConfig for any downlink cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all downlink cells, 
If a UE 
[bookmark: _Hlk23024772]-	does not report pdcch-BlindDetectionCA or is not provided BDFactorR, 
-	reports pdcch-BlindDetectionCA, the UE can be indicated by BDFactorR either  or 
If a UE is configured with   downlink cells with active DL BWPs using SCS configuration [image: ] where , the UE is not required to monitor, on the active DL BWP of the scheduling cell, 
-	more than [image: ] PDCCH candidates or more than [image: ] non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells, or
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
[bookmark: _Hlk530114396]If a UE is configured with  downlink cells with active DL BWPs using SCS configuration [image: ], where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: ] of the scheduling cell from the  downlink cells more than [image: ] PDCCH candidates or more than [image: ] non-overlapped CCEs per slot.
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value
--
If a UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cell where the UE monitors PDCCH, 
If a UE 
-	does not report pdcch-BlindDetectionCA-r16 or is not provided BDFactorR-r16, 
-	reports pdcch-BlindDetectionCA-r16, the UE can be indicated by BDFactorR-r16 either  or 
If a UE is configured with   downlink cells with active DL BWPs using SCS configuration  where , the UE is not required to monitor, on the active DL BWP of the scheduling cell, 
-	more than   PDCCH candidates or more than   non-overlapped CCEs per span for each scheduled cell when the scheduling cell is from the  downlink cells, or
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span for each scheduled cell when the scheduling cell is from the  downlink cells
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
If a UE is configured with  downlink cells with active DL BWPs using SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per span on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells more than  PDCCH candidates or more than non-overlapped CCEs per span.
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span for CORESETs with same CORESETPoolIndex value
--
If a UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for some downlink cell and PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for some downlink cell where the UE monitors PDCCH, the UE considers separately groups of DL cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability and PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability,
If a UE 
-	does not report pdcch-BlindDetectionCA-r15 or is not provided BDFactorR, 
-	reports pdcch-BlindDetectionCA-r15, the UE can be indicated by BDFactorR either  or 
If a UE is configured with   downlink cells with active DL BWPs using SCS configuration   where , the UE is not required to monitor, on the active DL BWP of the scheduling cell, 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells, or
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
If a UE is configured with  downlink cells with active DL BWPs using SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration of the scheduling cell from the  downlink cells more than PDCCH candidates or more than   non-overlapped CCEs per slot.
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value

If a UE 
-	does not report pdcch-BlindDetectionCA-r16 or is not provided BDFactorR-r16, 
-	reports pdcch-BlindDetectionCA-r16, the UE can be indicated by BDFactorR-r16 either  or 
If a UE is configured with   downlink cells with active DL BWPs using SCS configuration  where , the UE is not required to monitor, on the active DL BWP of the scheduling cell, 
-	more than   PDCCH candidates or more than   non-overlapped CCEs per span for each scheduled cell when the scheduling cell is from the  downlink cells, or
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span for each scheduled cell when the scheduling cell is from the  downlink cells
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
If a UE is configured with  downlink cells with active DL BWPs using SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per span on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells more than  PDCCH candidates or more than non-overlapped CCEs per span.
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span
-	more than  PDCCH candidates or more than  non-overlapped CCEs per span for CORESETs with same CORESETPoolIndex value
----------------------------------------------End of proposed TP ----------------------------------------------------



2.5.4	Dropping rule defined per monitoring span
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 
· [bookmark: _Hlk25598425]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

In Rel-15, gNB can configure to a UE with a number of PDCCH candidates occupying certain number of non-overlapping CCEs per slot that exceed the UE PDCCH monitoring capability per slot. This is referred to as overbooking where PDCCH candidate dropping will be performed per slot. Overbooking is performed only on the primary cell (PCell) as there can be various search space sets including CSS to be monitored. It should be noted that PDCCH overbook and dropping can still be performed in a slot where there is no CSS configured.
Based on search space configuration, PDCCH candidates in each slot are mapped in the following order: first PDCCH candidates in CSS sets, then PDCCH candidates in USS sets starting with lower SS set indices. If the number of PDCCH candidates or the number of non-overlapping CCEs after including all candidates in a SS set exceeds the blind decode or CCE limit per slot, the candidates in that SS set and all other SS sets with higher indices are dropped.  
In Rel-16, it was agreed that PDCCH overbooking and PDCCH dropping are allowed on PCell and PSCell and that the PDCCH dropping is performed per monitoring span if needed. The same dropping rule as in Rel-15 but applied per span can be used with the same mapping order, e.g., CSS first and then USS. That is, 
if the number of blind decode or non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the blind decode or CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with the highest search space set indices in span j until the number of blind decode and 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
To avoid scheduling limitation at gNB (i.e., overbooking not allowed in a slot where there is no CSS configured), PDCCH overbooking should be allowed in any span regardless of whether CSS is present in a span. This is also to maintain the same behavior as in Rel-15 where PDCCH overbooking and dropping are allowed in any slot in the PCell.
[bookmark: _Toc32612977]In Rel-15 PDCCH overbooking and dropping are allowed in any slot in the PCell. If Rel-16 if overbooking and dropping is only allowed in a span where CSS is present, gNB scheduling flexibility can be worse than Rel-15 since overbooking is not allowed in a slot where there is no CSS configured.
[bookmark: _Toc32612997]The same PDCCH dropping rule as in Rel-15 but applied per span can be used with the same search space mapping order.
[bookmark: _Toc32612998]PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.
The above proposal is similar to Rel-15 where the whole SS set is dropped once the limit is exceeded. To further reduce the number of dropped candidates, it is possible to consider an enhancement where only partial candidates in a SS set are dropped. That is, 
· if the number of blind decode or non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the blind decode or CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with the highest search space set indices in span j until the number of blind decode and 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.
[bookmark: _Toc32612999]Consider further enhancement for PDCCH dropping where only partial PDCCH candidates in SS set are dropped.

In some cases, when a span pattern in a slot is derived, there can be empty spans where there is no PDCCH candidate configured for UE to monitor. In this case, the total limit computed by summing the span limit over all non-empty spans in a slot can be smaller than the Rel-15 slot limit. We propose that this case should be handled to avoid a situation that Rel-16 PDCCH monitoring capability becomes worse that of Rel-15. 
[bookmark: _Toc32613000]Consider also PDCCH overbooking and dropping performed per slot in case that the total span limit is less than the slot limit.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For dynamically scheduled PUSCH, there is no ambiguity at the gNB whether the first transmission occurred or not, and RV should be chosen to maximize performance.
Observation 2	If both DCI formats 0_1/1_1 and 0_2/1_2 are configured for UE to monitor in USS, their size should be made different so that they are distinguishable.
Observation 3	Current version of 38.213 includes formats0-0-And-1-0 but not formats0-1-And-1-1 in the field dci-FormatsExt-r16.
Observation 4	In Rel-15 PDCCH overbooking and dropping are allowed in any slot in the PCell. If Rel-16 if overbooking and dropping is only allowed in a span where CSS is present, gNB scheduling flexibility can be worse than Rel-15 since overbooking is not allowed in a slot where there is no CSS configured.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Extend the existing RIV formula for FDRA type 1 considering the granularity K by reusing the formula for the case when the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP.
Proposal 2	For FDRA type 1 with granularity larger than 1 RB, the remaining RBs in the BWP with size smaller than the granularity can be included in the frequency domain resource allocation of the last RIV.
Proposal 3	Number of bits of the FDRA field for FDRA type 1 with granularity K is    bits.
Proposal 4	Adopt the below text proposal for 38.212 to enable the gNB to signal RV 2 using DCI format 0_2.
Proposal 5	Extend the Rel-16 DCI size alignment procedure to cover the case where both DCI formats 0_1/1_1 and 0_2/1_2 are configured for UE to monitor in UE-specific search space(s).
Proposal 6	Clarify the intention of values formats0-0-And-1-0 or formats0-1-And-1-1 in the field dci-FormatsExt-r16 and include both formats0-0-And-1-0 and formats0-1-And-1-1 as possible values in the field dci-FormatsExt-r16.
Proposal 7	Define the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a combination of SCS and (X,Y) reporting capability as in Table 1.
Proposal 8	Define the per-CC limit on the maximum number of monitored PDCCH candidates per PDCCH monitoring span for a combination of SCS and (X,Y) reporting capability as in Table 2.
Proposal 9	For Case 3, (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) is 4.
Proposal 10	The reported UE capability in terms of the number of serving cells related to Rel-16 PDCCH monitoring capability should be completed with the support of two sets of serving cells for multi-TRP transmission.
Proposal 11	Modify and reuse the Rel-15 derivation for the Rel-16 CA-limit for the total number of blind-decodes or non-overlapping CCEs per group of cells with a certain SCS and (X,Y) by replacing the slot limit with the span limit. Consider only relevant SCS for which the Rel-16 per-span limits are defined.
Proposal 12	For Case 3, the derivation of the CA-limit is separately for the Rel-15 (slot-based) monitoring capability and Rel-16 (span-based) monitoring capability.
Proposal 13	The same PDCCH dropping rule as in Rel-15 but applied per span can be used with the same search space mapping order.
Proposal 14	PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.
Proposal 15	Consider further enhancement for PDCCH dropping where only partial PDCCH candidates in SS set are dropped.
Proposal 16	Consider also PDCCH overbooking and dropping performed per slot in case that the total span limit is less than the slot limit.
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Appendices
In RAN1#99, the following working assumption was made.
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)

When a UE is configured with two HARQ-ACK codebooks by PUCCH-ConfigurationList-r16 where two set of parameters for PUCCH-Config can be different, the size of some fields in the DCI formats 0_1, 1_1, 0_2, or 1_2 may be derived differently. To align the size of the DCI, we propose to confirm the working assumption where the necessary number of most significant zero bits can be added to a field to align with the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks.
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