3GPP TSG-RAN WG1 Meeting #110	         R1-2205787
[bookmark: OLE_LINK59]Toulouse, France, August 22 – 26, 2022

Agenda Item:	8.16.5
Source:	Huawei, HiSilicon
Title:	On UE features for other Rel-17 work items
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss our views on the UE features according to updated RAN1 UE features after RAN1 #109-e[1][2] for the following WIs,
· NR NTN/ IoT NTN
· NR Dynamic Spectrum Sharing
· UE power saving
· NR extension to 71 GHz
· [bookmark: OLE_LINK82][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: _Ref129681832]Further enhancements on MIMO
· Positioning Enhancements
· RedCap
· 1024QAM

NR NTN/ IoT NTN
NR NTN
New feature groups
In RAN1#109e, a final agreement concerning FG 26-5 is made with the FFS.  “whether FG26-5 is also supported in bands not in Table 5.2.2-1 in TS 38.101-5”. Agreement: 
· In the FGs below, the note “[Note: This UE feature group is applicable only for NR NTN cell and ATG cell, for terrestrial cell except for ATG cell this feature is not supported]” is replaced with a new note “Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5”
· FFS whether FG 26-5 is also supported in bands not in Table 5.2.2-1 in TS 38.101-5


Meanwhile, there is an ongoing discussion on whether the feature groups of 32 HARQ processes (FG24-8/8b, FG24-9/9b) can be extended to FR2-1 for 60kHz and 120kHz SCS (FG24-8a and FG24-9a). 

As discussed in [1], the support of 32 HARQ processes can be beneficial for other scenarios for a UE supporting this feature, e.g. used for FR1 licensed terrestrial bands and FR2-1. For example, for the support of FR1 + FR2 CA, if the PUCCH is transmitted on FR1 with small SCS, then it can be expected that a small number of slots on FR1 would correspond to large number of slots on FR2, which will result in the need of larger number of HARQ processes on FR2, otherwise it will degrade the system performance for FR2. Another example scenario that would be beneficial from the support of 32 HARQ processes is multi-TRP case, in which case the need of number of HARQ processes would be increased. In FR2-2, the reason to introduce 32 HARQ processes for FR2-1 is to avoid HARQ processes starvation when multiple PDSCH is scheduled by a single DCI. It is also beneficial when gNB configuring small number of DL/UL switching point in a long periodicity, as discussed in NR-U. The multiple PDSCH scheduling by single DCI has been extended to FR2-1 for 120kHz SCS and it may be further extended to FR1, it would be straightforward to extend 32 HARQ processes to FR2-1 and FR1 as well. In order to avoid ambiguity on the number of HARQ processes during potential BWP switching between different numerologies, the 32 HARQ processes should be applicable for all numerologies in FR1 and FR2 once UE report its capability.
 
Extending the 32 HARQ processes in NTN has been summarized in [3]. Consensus cannot be reached due to different flavors of HARQ process ID indication. However, in NTN, the explicit HARQ process indication has already been agreed. Therefore, there seems no obstacles to extend this FG in other scenarios. The major concern on the complexity at UE side can also be alleviated because the FGs are optionally supported and UE had freedom to report not supporting such FG. 

As for how to capture the feature 32 HARQ processes in FR1 and FR2-1 for TN operation, it would be simpler to add separate FGs 32 HARQ process for FR1 and FR2-1. The corresponding TPs are provided in Appendix 2
Proposal 2-1: Support to extend FGs for 32 HARQ processes in FR1 and FR2-1 for all numerologies. The feature groups are defined in FG24-8a/8b/9a/9b in Appendix 2. 

IoT NTN
FG 2-2  
In RAN1 107e, an agreement was made that the k_mac is carried in system information. 
K_mac is a scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB, and is cell-specific. However, the yellow highlighted wording in current description of component in FG2-2 implies both K_offset and K_mac are UE specific which is not aligned with agreement. Considering the difference between FG2-2 and FG2-2a is the application to eMTC or NB-IoT, we propose to change the “/” to comma between the word of K_offset and K_mac in the component of FG2-2. The update to NTN UE feature groups can be found in Appendix.Agreement
For IoT NTN, the information of K_mac is carried in system information.

	2-2
	Enhancing timing relationships using a time offset for eMTC
	UE receives and applies UE specific K_offset/K_mac in timing relationship enhancements
	2-1 , 2-3

	2-2a
	Enhancing timing relationships using a time offset for NB-IoT
	UE receives and applies UE specific K_offset, K_mac in timing relationship enhancements
	2-1b, 2-3a



Proposal 2-2: Adopt the change on component of FG2-2 as shown in Appendix 1. 

NR Dynamic Spectrum Sharing
FG34-1
Regarding the component bullet 2 for FG 34-1:
· Search space restrictions: sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and at least following search space sets on PCell/PSCell can only be configured such that UE does not monitor them in overlapping slot of PCell/PSCell and sSCell
· USS sets for DCI formats 0_1,1_1,0_2,1_2
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI
The wording "at least" is introduced during the discussion. Now the “search space sets on PCell/PSCell” have been determined, so "at least" can be removed.
In RAN1#109-e, an additional FG 34-1a is introduced: “Support of monitoring DCI formats 0_1,1_1,0_2 (if supported),1_2 (if supported) on PCell/PSCell USS set(s)”. It means a UE that supports FG 34-1 but does not support FG 34-1a does not support monitoring DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s).  So, the search space restrictions between sSCell USS set(s) and USS sets for DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell can be moved from the component bullet 2 for FG 34-1 to FG 34-1a.
Proposal 3-1:  Remove “at least” from bullet 2 for FG 34-1.
Proposal 3-2:  Remove “USS sets for DCI formats 0_1,1_1,0_2,1_2” from bullet 2 for FG 34-1.
Proposal 3-3:  Add the following component bullet for FG 34-1:
· Not support monitoring DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s).
Proposal 3-4:  Add the following component bullet for FG 34-1a:
· Search space restrictions: sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and the following search space sets on PCell/PSCell can only be configured such that UE does not monitor them in overlapping slot of PCell/PSCell and sSCell
· USS sets for DCI formats 0_1,1_1,0_2,1_2

UE power saving
29-3b/29-3c/29-3d
After RAN1#109, only remaining issues of UE capability for UE power saving are the square brackets left in the notes of 29-3b, 29-3c and 29-3d. In our view, the square brackets can be simply removed in this meeting to complete the UE feature discussion for Rel-17 UE power saving. 
Proposal 4-1: Remove the square brackets in the note of the FG 29-3b, 29-3c and 29-3d.

[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK183]NR extension to 71 GHz
FG24-11a/c/d/e: multi-slot PDCCH monitoring capability for CA
In RAN1#109-e, the capabilities on the number of CCs in carrier aggregation scenarios when serving cells with Rel-17 monitoring capability are involved are agreed as working assumption. In the discussion[5], companies have different views on whether minimum capability of Rel-15 or Rel-16 are the baseline for the CC with r17 PDCCH monitoring capability. In Rel-15, UE is expected to report pdcch-BlindDetectionCA with the value range of {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16}. In Rel-16, UE can report maxNumberOfMonitoringCC-r16 in pdcch-MonitoringCA-r16 with the value range of {2, 3, …, 16} if r16 monitoring capability is configured for all serving cells. In case of mixed configuration, the minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-16 PDCCH monitoring capability is 3.  
In 480kHz and 960kHz SCS in FR2-2, the multi slot monitoring capability with  are defined as basic component of the feature group. The BD/CCE budget per slot group are same as r15 per slot monitoring capability with 120kHz SCS. The restriction on the monitoring occasion in  slot only indicates the location of PDCCH and does not imply UE should finish decoding the PDCCH within  slot. Considering similar processing capability requirement as in r15 per slot monitoring capability, the minimum number of CCs with Rel-15 PDCCH monitoring capability can be inherited when there are only CCs with r17 monitoring capability configured (case4) or both r15 and r17 monitoring capability configured (case 5).  Similarly, the minimum of the summation of capability on the number of CCs with Rel-15 PDCCH monitoring capability and the capability on the number of CCs with Rel-16 PDCCH monitoring capability can be reused for mixed configuration scenario with both r16 and r17 monitoring capability (case 6).  In case of mixed configuration of r15, r16 and r17 monitoring capability, we propose to adopt 3 as minimum number of CC in order to maintain similar processing capability as Rel-15 and Rel-16.  
Proposal 5-1: Confirm the working assumption of FG 24-11a/c/d/e with the following minimum capability of on the number of CC when r17 monitoring capability is involved
· Case 4: minimum number of CC with only r17 PDCCH monitoring capability is 4
· Case 5: minimum of the summation of CCs with r15 and r17 PDCCH monitoring capability is 4
· Case 6: minimum of the summation of CCs with r16 and r17 PDCCH monitoring capability is 3
· Case 7: minimum of the summation of CCs with r15, r16 and r17 PDCCH monitoring capability is 3

New feature groups
Multi-slot PDCCH monitoring capability for NR-DC
In RAN1#109-e, it is agreed in high level to introduce FGs for multi slot PDCCH monitoring for NR-DC following similar framework as agreed for CA in RAN1#108-e.Agreement
· The UE capability framework agreed in RAN1#108-e for CA is extended to the case of NR-DC considering different combinations of Rel-17 (per-slot group) monitoring, Rel-15 (per-slot) monitoring, and Rel-16 (per-span) monitoring within different cell groups.
· Suggest the contents under the bullets for NR-DC cases 4/5/6/7 in Proposal 2-12.2 in R1-2205280 as possible implementation of this agreement to the spec editors.

However, RAN2 did not add the corresponding FGs because the agreement is not reflected in the LS sent by RAN1[1]. Thus, we propose to add the following 4 FGs in the LS to RAN2, according to the recommendation by the agreement. 
· FG24-11f: Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells
· FG24-11g: Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers
· FG24-11h: Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers
· FG24-11i: Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17, Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers 
The detail definitions are provided in appendix  
Proposal 5-2: Include in the LS to RAN2 the FGs corresponding to the additional 4 cases on the capability on the number of CCs with different monitoring capability combinations when a UE is configured with NR-DC. The definition of the FG24-11f/g/h/i are provided in appendix 2.
Multiple PDSCH/PUSCH scheduling by single DCI in FR1 and 60kHz in FR2-1
In RAN#108-e, the multiple PDSCH/PUSCH scheduling by single DCI has been extended to FR2-1 for 120kHz SCS due to its scheduling efficiency to achieve high throughput. During the discussion and also noted in the Chair’s note, whether such FGs can be further extended to other SCS and FR can be further discussed. For UL, it is already supported for all SCSs in FR1 and FR2-1 when multiple PUSCHs scheduled by single DCI are consecutive. Extending the support of non-contiguous allocation to the 15/30/60kHz SCSs in FR1 and 60kHz SCS in FR2-1 same as those agreed for FR2-1 and FR2-2 for 120kHz/480kHz/960kHz could reduce scheduling overhead and PDCCH monitoring complexity without introducing additional standardization effort. Due to the same reason, we also support to extend multiple PDSCH scheduling by single DCI to 15/30/60kHz SCS in FR1 and 60kHz SCS in FR2-1.
Proposal 5-3: Define new feature groups to support multiple PDSCH scheduling by single DCI and multiple PUSCH scheduling by single DCI for all SCSs in FR1 and FR2-1 as shown in FG24-1f/g/h/i in appendix 2. 

Further enhancements on MIMO
FG 23-1-2
Similar to components 2 and 3 of FG 23-4 for inter-cell mTRP, we believe that the following two components should be supported for inter-cell beam measurement in FG 23-1-2:
· Component 5: The maximum number of configured additional PCIs per CC is X1 (Case 1) when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI;
· Component 6: The maximum number of configured additional PCIs per CC is X2 (Case 2) when the configurations of SSB time domain positions and periodicity of the additional PCIs is different with SSB time domain positions and periodicity of the serving cell PCI;

There are two distinct reasons that justify the need for the above components in 23-1-2:

· Some companies argued that instead of supporting above two components in 23-1-2, it is sufficient that a UE reports component 4 in 23-1-2 “The maximum number of RRC-configured PCI(s) different from serving cell PCI for L1-RSRP measurement”. Note that component 4 essentially lumps all additional PCIs into one report regardless of their SSB periodicities and positions relative to those of the SSBs of the serving cell and, therefore, we do not think it would be a technically viable substitute for the independent reports of the suggested component 5 and component 6. To see this, let us have a clarifying example: assume that the UE is configured to measure 3 Cells (including the PCIs the same as or different from serving cell PCI) where SSBs from different cells are configured on the same positions as in figure 1. According to RAN4 requirements, a UE supports at least 8 Rx beams to measure one L1-RSRP/L1-SINR value. If a UE can only use one beam at a time, the UE cannot sweep all Rx beams for cells other than the serving cell without affecting the measurement for serving cell. On the other hand, as shown in Figure 2, the same UE may sweep all Rx beams for all cells in the TDM manner if the SSBs of different cells have non-overlapping positions. If UE only reports component 4 in 23-1-2, there is no way for the UE to report two different values for the scenarios shown in Figure 1 and Figure 2. Instead, UE has to only report a most conservative number for the PCIs that it can handle for L1-RSRP measurement regardless of the relative positions of their corresponding SSBs. This would have a seriously restricting effect on the configured inter-cell beam measurements for the UE.

[bookmark: _GoBack][image: ]
Figure 1: a UE cannot sweeping all beams for other than serving cell

[image: ]
Figure 2: a UE can sweep all beams for all cells but with large latency


· Some companies also argued that components 2 and 3 of FG 23-4 for inter-cell mTRP can be reused for the inter-cell beam measurement and reporting. However, if UE supports inter-cell beam management but does not support inter-cell MTRP operation, UE will not report FG 23-4 and, hence, gNB would not know the maximum number of configured additional PCIs for beam measurement X1 or X2. It is however feasible that, for the number of configured additional PCIs for inter-cell beam management (component 5 and 6 in FG 23-1-2) and the number of configured additional PCIs for inter-cell MTRP operation (component 2 and 3 in FG 23-4), UE reports one of them or both of them. If only one of component pairs in 23-4 or 23-1-2 is reported, it can be used for both inter-cell beam management and inter-cell MTRP operation.

Proposal 6-1: Introduce two components (component 5 and component 6 as follows) in FG 23-1-2 for the reporting of X1/X2 for inter-cell beam management.
· Component 5: The maximum number of configured additional PCIs per CC is X1 (Case 1) when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI;
· Component 6: The maximum number of configured additional PCIs per CC is X2 (Case 2) when the configurations of SSB time domain positions and periodicity of the additional PCIs is different with SSB time domain positions and periodicity of the serving cell PCI;
Note: For the number of configured additional PCIs for inter-cell beam management (component 5 and 6 in FG 23-1-2) and the number of configured additional PCIs for inter-cell MTRP operation (component 2 and 3 in FG 23-4), UE can report one of them or both of them. If only one of the above pairs is reported, it can be used for both inter-cell beam management and inter-cell MTRP operation.


FG 23-5-2
In Rel-16, FG 16-1g and FG-16-1g-1 are used to report the total number of resources that can be used for DL measurement including beam management, beam failure detection, new beam identification, pathloss measurement and radio link monitoring. In R17, it was agreed that the number of resources used for MTRP beam management is also counted in these two FGs, since MTRP beam management is a kind of beam management. In particular, the following note is adopted in the description of FG 23-5-1 where component 2 and 3 are the maximum number of configured resources that can be measured in MTRP beam management.
· Note: component 2 and 3 are also counted in FG 16-1g and 16-1g-1
Similarly, the number of resources used for beam failure detection (i.e., BFD-RS) in MTRP BFR should also be counted in FG 16-1g and FG-16-1g-1. In particular, the following note need to be introduced in the description of FG 23-5-2, where component 3 is the maximum number of BFD-RS across two BFD-RS sets in MTRP BFR. 
· Note: component 3 is also counted in FG 16-1g and 16-1g-1
Without such note, it is possible that gNB will not count the number of BFD-RS for MTRP BFR in FG 16-1g and FG-16-1g-1, leading that the total number of resources configured for DL measurement is larger than the one reported by FG 16-1g and FG 16-1g-1. So, we have the following proposal.
Proposal 6-2: Introduce the following note in FG 23-5-2
· Note: component 3 is also counted in FG 16-1g and 16-1g-1.

For FG 23-5-2, another issue is that there is no component on the maximum number of resources for new beam identification (i.e. NBI-RS). Without such component, UE cannot report the maximum number of NBI-RS it can support and gNB can configure as many NBI-RS as it wants. This is risky for UE. Hence, we propose to introduce a component on the maximum number of NBI-RS.
Proposal 6-3: Introducing the following component in FG 23-5-2 with candidate value {2, 4, 8, 16, 32, 64}
· Component 4: Supported maximum number of NBI-RS resources across two NBI-RS sets per BWP.

Similar as BFD-RS, the number of NBI-RS should also be counted in FG 16-1g and FG-16-1g-1. So, we proposal to introduce a similar note for component 4.
Proposal 6-4: Introduce the following note in FG 23-5-2
· Note: component 4 is also counted in FG 16-1g and 16-1g-1.


FG 23-3-1c
A Rel-17 UE can be configured with STRP PHR and/or MTRP PHR measurement and report whether MTRP PHR is supported. In practice, a gNB may configure STRP PHR or MTRP PHR in different CCs at the same time and there are rare scenarios to configure STRP PHR and MTRP PHR in one CC at the same time. However, a UE has to reserve maximum computation capability in order to support all possible configurations from gNB, which increases the UE implementation complexity and results in unnecessary resources waste. So we propose to introduce a UE reporting on the max number of PHR reports across all CCs in CA.
Proposal 6-5: Support to add the component 2 in FG 23-3-1c,
· Component 2. The maximum number of supported PHR reports across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission) , with candidate value { {1, 2, 4, 8,12,16,20,32,48,64}
· Note: MTRP PHR report is counted as 2 and STRP PHR report is counted as 1.

Positioning Enhancements
On the existing feature groups
FG 27-3-3
In [1], there is one remaining FFS part in Note 3 for FG 27-3-3 on whether UE shall support either or both of component 2a and component 2b.
	  Component 1 candidate values: {Type 1, Type 2}

Component 2a candidate values:
1. T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
1. N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms


Candidate 2b component values:
a)	N2: {0.125, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 8, 12} ms
b)	T2: {4, 5, 6, 8} ms

Component 3 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Need for location server to know if the feature is supported

Note 1:The (N, T) UE capabilities are interpreted as legacy (N, T) in FG 13-1, and the UE is expected to receive the PRS within the PRS processing window and but the processing of the received PRS may be outside a PRS processing window.
 
The (N2, T2) UE capabilities are interpreted such that the UE is capable of measuring up to N2 ms PRS within a PPW and is capable of completing the PRS processing within the PPW, e.g., if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T2 ms
 
[Note 3: UE shall support either or both of component 2a and component 2b]

Note 4: A UE shall declare PRS processing capabilities of each of the supported Type-1A, Type-1B, Type-2” capabilities in case it supports multiple types in a band

A UE that supports FG 27-3-2 must indicate this FG is supported



In our view, component 2b is the advanced PRS processing that can be “activated” only under some conditions. Allowing both 2a and 2b to be reported may offer additional flexibility on the network side when the current deployment cannot easily satisfy the condition of 2b, so that 2a can be the fallback solution.
	27. NR_pos_enh
	27-3-3
	DL PRS Processing Capability outside MG - buffering capability
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2a. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

2b. Duration of DL PRS symbols N2 in units of ms a UE can process inT2 ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it



Observation 7-1: Allowing UE to report both 2a and 2b offers flexibility on the network deployment to allow fallback to 2a when the condition of 2b cannot be met.

When both components are reported, RAN1 should further discuss whether the mode under which UE/network should assume the processing is based on (N, T) as component 2a or based on (N2, T2) as component 2b should be signaled to the UE. In our view, such indication may not be necessarily discussed by RAN1, given that it only impacts the UE PRS measurement latency requirement. It should be up to RAN4 to decided, and RAN1 may provide input only if RAN4 asks RAN1 to do so, similar to the Rx beam sweeping factor.
Observation 7-2: RAN1 should not initiate the discussion on the signaling that indicates whether UE PRS processing is based 2a or 2b for UE supports both components, but wait for RAN4.
Proposal 7-1: Support UE to report either or both from components 2a and 2b in FG 27-3-3.
· The signaling from LMF to UE that indicates whether UE PRS processing is based on 2a or 2b is up to RAN4.

FG 27-19/19a
For FG 27-19 and FG 27-19a on the spatial relation for SRS transmission in RRC_INACTIVE, we noticed that SRS spatial relation is only applicable to FR2 bands, similar to Rel-16 and FG 27-9.
Therefore, we believe that it should be clarified below.
Proposal 7-2: Add FR2-only to the “Need of FR1/FR2 differentiation” column of FG 27-19 and FG 27-19a
	Features
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2

	FG 27-19
	per band
	n/a
	n/a
FR2 only
	n/a

	FG 27-19a
	per band
	n/a
	n/a
FR2 only
	n/a



New feature group/components
PRS collision detection timeline
In RAN1#109-e, the following agreements were reached on the timeline for the UE to determine the collision between PRS and other DL signals/channels.
	Agreement
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For an activated type 1A and type 1B PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW no later than [N symbol/T ms] before the start of the PPW, UE expects to receive the DL signals/channels and drop the all DL PRS in the PPW.
· For an activated type 2 PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol no later than [N symbol/T ms] before the PRS symbol, UE expects to receive the DL signals/channels and drop the PRS symbol.

Agreement
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For a type 1A and type 1B PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW later than [N symbol/T ms] before the start of the PPW, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the DL PRS in the PPW.
· For a type 2 PRS processing window considered active
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol later than [N symbol/T ms] before the PRS symbol, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the PRS symbol.
· Note 1: This implies that if the scheduling of other DL signals/channels of higher priority arrives too late, UE may consider the PRS as higher priority than the other DL signals/channels.
· Note 2: If the scheduling of other DL signals/channels of higher priority arrives too late, it is up to UE implementation whether to receive the other DL signals/channels.



The buffer zone or detection time advance of N symbols or T ms is still under discussion. We think that it can be included as part of the UE capability signaling rather than a fixed value in the specification given the diversified UE implementation options.
Between N symbols and T msec, we think that defining only the number of symbols would be sufficient, and as the symbol duration is subject to SCS, having SCS-dependent reporting is preferred.
The capability signaling should be added as another component of FG 27-3-2, and for UE only supporting priority option 3, i.e. single priority option that PRS is always higher other DL signals/channels.
Therefore, we have the following proposal.
Proposal 7-3: Add the following component to FG 27-3-2.
	27. NR_pos_enh
	27-3-2
	DL PRS measurement outside MG and in a PRS processing window
	
1. Supported PRS processing types subject to the UE determining that DL PRS to be higher priority for PRS measurement outside MG and in a PRS processing window
2. Support of priority handing options of PRS: Option1, Option2 or Option3
0. Option 1: UE may indicates support of two priority states.
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 2: UE may indicate support of three priority states
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
0. Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
0. State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 3: UE may indicate support of single priority state
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
3. The number of symbols prior to the start of the PPW (Type-1A/Type-1B) or to PRS symbol within the PPW (Type-2) that UE determines the collision between a higher priority data and a low priority PRS.
0. Candidate values {14,28,42,56} for each supported SCS assuming normal CP type.
0. Note: UE supporting Option 3 in component 2 is not required to report component 3.



PRS bandwidth in the PPW
In the current FG 27-3-3, the PRS processing capability is based on a bandwidth reported in the first component of FG 13-1.
	27. NR_pos_enh
	27-3-3
	DL PRS Processing Capability outside MG - buffering capability
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2a. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

2b. Duration of DL PRS symbols N2 in units of ms a UE can process inT2 ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it



	13. NR Positioning
	13-1
	Common DL PRS Processing Capability
	1.	Maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}

2.	DL PRS buffering capability: Type 1 or Type 2
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

3.	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b)	N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

4.	Max number of DL PRS resources that UE can process in a slot under it
a)	FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b)	FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.




However, given that the PRS synchronization conditions are more stringent for gapless PRS measurement than the gap-based PRS measurement, UE PRS processing architecture may also be different, resulting in potentially different bandwidth capability.
Observation 7-3: UE PRS processing architecture for gap-less PRS measurement may differ from that for gap-based PRS measurement.
Therefore, we think that UE should be allowed to report a different bandwidth capability than that is reported for FG 13-1.
Proposal 7-4: Add the following component to FG 27-3-3.
	27. NR_pos_enh
	27-3-3
	DL PRS Processing Capability outside MG - buffering capability
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2a. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

2b. Duration of DL PRS symbols N2 in units of ms a UE can process inT2 ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it

4. Maximum DL PRS bandwidth in MHz, which is supported and reported by UE for PRS measurement outside MG within the PPW.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}




Reduced samples in the PPW
In the current FG 27-3-1, the M-sample measurement in RRC_CONNECTED state does not differentiate the gap-less and gap-based measurement. However, due to the same reason as argued in the previous section of the paper, different UE architectures may be used for processing PRS within the MG and within the PPW, which results in the need to have different capabilities on the M-sample measurement.
	27. NR_pos_enh
	27-3-1
	M-sample measurements in RRC_CONNECTED
	The capability to support reporting a measurement based on measuring M=1 or 2 samples (instances) of a DL PRS resource set



Therefore, we have the following proposal.
Proposal 7-5: Modify FG 27-3-1 and add the following FG 27-3-1a.
	27. NR_pos_enh
	27-3-1
	M-sample measurements in RRC_CONNECTED within the measurement gap
	The capability to support reporting a measurement based on measuring M=1 or 2 samples (instances) of a DL PRS resource set within the measurement gap

	27. NR_pos_enh
	27-3-1a
	M-sample measurements in RRC_CONNECTED within the PRS processing window
	The capability to support reporting a measurement based on measuring M=1 or 2 samples (instances) of a DL PRS resource set within the PRS processing window



RedCap
FG 3-1 
For NR Rel-15/16 UE, the basic FG 3-1 for DL control channel is support of “one configured CORESET per BWP per cell in addition to CORESET0” as in TR38.822. So gNB can only configure one CORESET with ControlResourceSetId other than 0 in a BWP (initial/non-initial BWP), no matter if the BWP contains the bandwidth of CORESET0 or not. If RedCap UEs follow the same rule, only one CORESET can be used for both common and dedicated search spaces, when the BWP does not contain the bandwidth of CORESET0, which could significantly limit the flexibility of network scheduling, or even cause congestion problem compared with two separate CORESETs in legacy operation. Thus, we propose
Proposal 8-1: A RedCap UE should support one configured CORESET per BWP per cell in addition to CORESET0 if the BWP contains CORESET0, otherwise, support two configured CORESETs other than CORESET0 per BWP per cell, e.g. one common CORESET and one UE-specific CORESET.

1024QAM
FG36-2
In [1], the following FG 36-2 was agreed with a note on the default value when the FG is absent.
	36. NR_DL1024QAM_FR1
	36-2
	scalingFactor for 1024QAM
	Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band
	36-1
	Yes
	N/A
	
	Per FS
	N/A
	Applicable only to FR1
	N/A
	Candidate component values: 
{0.4, 0.75, 0.8, 1.0}

If absent, the scaling factor 1 is applied to the band in the max data rate calculation.
	Optional with capability signaling



However, there are two issues for the note.
· Issue 1: When this FG is absent, which scaling factor is used depends on whether the UE supports 1024QAM. When UE supports 1024QAM, then scaling factor can be used, otherwise the legacy scaling factor should be used.
· Issue 2: There is possibility that a 1024QAM-capable UE reports only scaling factor for 1024QAM without the legacy scaling factor. Then if such a UE accesses a pre-Rel-17 gNB, then the gNB would assume absence of scaling factor, which may not be aligned with the intention of UE.
To resolve the above issues, the following is proposed:
Proposal 9-1: Modify FG 36-2 as below with change shown in red
	36. NR_DL1024QAM_FR1
	36-2
	scalingFactor for 1024QAM
	Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band
	36-1
	Yes
	N/A
	
	Per FS
	N/A
	Applicable only to FR1
	N/A
	Candidate component values: 
{0.4, 0.75, 0.8, 1.0}

If absent and the UE supports 36-1 or 36-1a, the scaling factor 1 is applied to the band in the max data rate calculation.

The UE reporting this FG should also reports UE feature scalingFactor.
	Optional with capability signaling




Conclusions
Based on the discussion above, we had following proposals and observations.
NTN and IoT NTN
Proposal 2-1: Support to extend FGs for 32 HARQ processes in FR1 and FR2-1 for all numerologies. The feature groups are defined in FG24-8a/8b/9a/9b in Appendix 2.  
Proposal 2-2: Adopt the change on component of FG2-2 as shown in Appendix 1. 

NR DSS
Proposal 3-1:  Remove “at least” from bullet 2 for FG 34-1.
Proposal 3-2:  Remove “USS sets for DCI formats 0_1,1_1,0_2,1_2” from bullet 2 for FG 34-1.
Proposal 3-3:  Add the following component bullet for FG 34-1:
· Not support monitoring DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s).
Proposal 3-4:  Add the following component bullet for FG 34-1a:
· Search space restrictions: sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and the following search space sets on PCell/PSCell can only be configured such that UE does not monitor them in overlapping slot of PCell/PSCell and sSCell
· USS sets for DCI formats 0_1,1_1,0_2,1_2

UE power saving
Proposal 4-1: Remove the square brackets in the note of the FG 29-3b, 29-3c and 29-3d.

NR extension to 71GHz
Proposal 5-1: Confirm the working assumption of FG 24-11a/c/d/e with the following minimum capability of on the number of CC when r17 monitoring capability is involved
· Case 4: minimum number of CC with only r17 PDCCH monitoring capability is 4
· Case 5: minimum of the summation of CCs with r15 and r17 PDCCH monitoring capability is 4
· Case 6: minimum of the summation of CCs with r16 and r17 PDCCH monitoring capability is 3
· Case 7: minimum of the summation of CCs with r15, r16 and r17 PDCCH monitoring capability is 3
Proposal 5-2: Include in the LS to RAN2 the FGs corresponding to the additional 4 cases on the capability on the number of CCs with different monitoring capability combinations when a UE is configured with NR-DC. The definition of the FG24-11f/g/h/i are provided in appendix 2.
Proposal 5-3: Define new feature groups to support multiple PDSCH scheduling by single DCI and multiple PUSCH scheduling by single DCI for all SCSs in FR1 and FR2-1 as shown in FG24-1f/g/h/i in appendix 2. 

Further enhancements on MIMO
Proposal 6-1: Introduce two components (component 5 and component 6 as follows) in FG 23-1-2 for the reporting of X1/X2 for inter-cell beam management.
· Component 5: The maximum number of configured additional PCIs per CC is X1 (Case 1) when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI;
· Component 6: The maximum number of configured additional PCIs per CC is X2 (Case 2) when the configurations of SSB time domain positions and periodicity of the additional PCIs is different with SSB time domain positions and periodicity of the serving cell PCI;
Note: For the number of configured additional PCIs for inter-cell beam management (component 5 and 6 in FG 23-1-2) and the number of configured additional PCIs for inter-cell MTRP operation (component 2 and 3 in FG 23-4), UE can report one of them or both of them. If only one of the above pairs is reported, it can be used for both inter-cell beam management and inter-cell MTRP operation.

Proposal 6-2: Introduce the following note in FG 23-5-2
· Note: component 3 is also counted in FG 16-1g and 16-1g-1.

Proposal 6-3: Introducing the following component in FG 23-5-2 with candidate value {2, 4, 8, 16, 32, 64}
· Component 4: Supported maximum number of NBI-RS resources across two NBI-RS sets per BWP.

Proposal 6-4: Introduce the following note in FG 23-5-2
· Note: component 4 is also counted in FG 16-1g and 16-1g-1.

Proposal 6-5: Support to add the component 2 in FG 23-3-1c,
· Component 2. The maximum number of supported PHR reports across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission) , with candidate value { {1, 2, 4, 8,12,16,20,32,48,64}
· Note: MTRP PHR report is counted as 2 and STRP PHR report is counted as 1.


Positioning
Observation 7-1: Allowing UE to report both 2a and 2b offers flexibility on the network deployment to allow fallback to 2a when the condition of 2b cannot be met.
Observation 7-2: RAN1 should not initiate the discussion on the signaling that indicates whether UE PRS processing is based 2a or 2b for UE supports both components, but wait for RAN4.
Proposal 7-1: Support UE to report either or both from components 2a and 2b in FG 27-3-3.
· The signaling from LMF to UE that indicates whether UE PRS processing is based on 2a or 2b is up to RAN4.

Proposal 7-2: Add FR2-only to the “Need of FR1/FR2 differentiation” column of FG 27-19 and FG 27-19a
	Features
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2

	FG 27-19
	per band
	n/a
	n/a
FR2 only
	n/a

	FG 27-19a
	per band
	n/a
	n/a
FR2 only
	n/a



Proposal 7-3: Add the following component to FG 27-3-2.
	27. NR_pos_enh
	27-3-2
	DL PRS measurement outside MG and in a PRS processing window
	
1. Supported PRS processing types subject to the UE determining that DL PRS to be higher priority for PRS measurement outside MG and in a PRS processing window
2. Support of priority handing options of PRS: Option1, Option2 or Option3
0. Option 1: UE may indicates support of two priority states.
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 2: UE may indicate support of three priority states
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
0. Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
0. State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 3: UE may indicate support of single priority state
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
3. The number of symbols prior to the start of the PPW (Type-1A/Type-1B) or to PRS symbol within the PPW (Type-2) that UE determines the collision between a higher priority data and a low priority PRS.
0. Candidate values {14,28,42,56} for each supported SCS assuming normal CP type.
0. Note: UE supporting Option 3 in component 2 is not required to report component 3.



Observation 7-3: UE PRS processing architecture for gap-less PRS measurement may differ from that for gap-based PRS measurement.
Proposal 7-4: Add the following component to FG 27-3-3.
	27. NR_pos_enh
	27-3-3
	DL PRS Processing Capability outside MG - buffering capability
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2a. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

2b. Duration of DL PRS symbols N2 in units of ms a UE can process inT2 ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it

4. Maximum DL PRS bandwidth in MHz, which is supported and reported by UE for PRS measurement outside MG within the PPW.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}




Proposal 7-5: Modify FG 27-3-1 and add the following FG 27-3-1a.
	27. NR_pos_enh
	27-3-1
	M-sample measurements in RRC_CONNECTED within the measurement gap
	The capability to support reporting a measurement based on measuring M=1 or 2 samples (instances) of a DL PRS resource set within the measurement gap

	27. NR_pos_enh
	27-3-1a
	M-sample measurements in RRC_CONNECTED within the PRS processing window
	The capability to support reporting a measurement based on measuring M=1 or 2 samples (instances) of a DL PRS resource set within the PRS processing window



RedCap
Proposal 8-1: A RedCap UE should support one configured CORESET per BWP per cell in addition to CORESET0 if the BWP contains CORESET0, otherwise, support two configured CORESETs other than CORESET0 per BWP per cell, e.g. one common CORESET and one UE-specific CORESET.

1024QAM
Proposal 9-1: Modify FG 36-2 as below with change shown in red
	36. NR_DL1024QAM_FR1
	36-2
	scalingFactor for 1024QAM
	Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band
	36-1
	Yes
	N/A
	
	Per FS
	N/A
	Applicable only to FR1
	N/A
	Candidate component values: 
{0.4, 0.75, 0.8, 1.0}

If absent and the UE supports 36-1 or 36-1a, the scaling factor 1 is applied to the band in the max data rate calculation.

The UE reporting this FG should also reports UE feature scalingFactor.
	Optional with capability signaling
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Appendix 1: proposed changes to the LTE UE feature list corresponding to [2]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	2. LTE_NBIOT_eMTC_NTN
	2-2
	Enhancing timing relationships using a time offset for eMTC
	UE receives and applies UE specific K_offset, /K_mac in timing relationship enhancements
	2-1 , 2-3
	Yes 
	N/A
	eMTC UE does not know the offset to apply for UL transmission 
	per UE
	No
	No
	
	The K_offset is a scheduling offset used for the identified timing relationships that need to be modified for IoT NTN. 
For IoT NTN, support cell-specific Koffset configuration for use during initial access.
For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.
	Optional with capability signalling



Appendix 2: proposed changes to the NR UE feature list corresponding to [1] 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	24. NR_ext_to_71GHz
	24-1f
	Multiple PDSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PDSCH scheduling by single DCI for the operation with 120 kHz SCS
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 120kHz is not supported in FR2-1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	
	24-1g
	Multiple PUSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS with non-contiguous allocation 
	
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 120kHz is not supported in FR2-1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	24-1h
	Multiple PDSCH scheduling by single DCI in FR1
	1. Multi-PDSCH scheduling by single DCI 
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 120kHz is not supported in FR1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	
	24-1i
	Multiple PUSCH scheduling by single DCI in FR1
	1. Multi-PUSCH scheduling by single DCI with non-contiguous allocation 
	
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI is not supported in FR1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	24-8a
	32 DL HARQ processes for FR2-1
	Support 32 HARQ processes in DL for 60/120 kHz
	
	Yes
	N/A
	32 DL HARQ processes for FR 2-1 is not supported
	Per band
	N/A
	N/A
	N/A
	A UE supporting 32 maximum number of HARQ processes for 120 kHz SCS for DL shall support 32 as the maximum number of HARQ processes for 60 kHz SCS for DL in FR2-1
	Optional with capability signalling

	
	24-9a
	32 UL HARQ processes for FR2-1
	Support 32 HARQ processes in UL for 60/120 kHz
	
	Yes
	N/A
	32 DL HARQ processes for FR 2-1 is not supported
	Per band
	N/A
	N/A
	N/A
	A UE supporting 32 maximum number of HARQ processes for 120 kHz SCS for DL shall support 32 as the maximum number of HARQ processes for 60 kHz SCS for DL in FR2-1
	Optional with capability signaling

	
	24-8b
	32 DL HARQ processes for FR1
	Support 32 HARQ processes in DL for 15/30/60 kHz
	
	Yes
	N/A
	32 DL HARQ processes for FR1 is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	
	24-9b
	32 UL HARQ processes for FR1
	Support 32 HARQ processes in UL for 15/30/60 kHz
	
	Yes
	N/A
	32 DL HARQ processes for FR1 is not supported
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	
	24-11c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	Candidate values for pdcch-BlindDetectionCA-R15: 1 to 15

Candidate values for pdcch-BlindDetectionCA-R17: 1 to 15

Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17: {[4,] 5, …, 16}

This FG is a working assumption
	Optional with capability

	
	24-11d
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	Candidate values for pdcch-BlindDetectionCA-R16: 1 to 15

Candidate values for pdcch-BlindDetectionCA-R17: 1 to 15

Range of pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {[3,] 4, 5, …, 16}

This FG is a working assumption
	Optional with capability

	
	24-11e
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 17, Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 17, Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	Candidate values for pdcch-BlindDetectionCA-R15: 1 to 15

Candidate values for pdcch-BlindDetectionCA-R16: 1 to 15

Candidate values for pdcch-BlindDetectionCA-R17: 1 to 15

Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16+ pdcch-BlindDetectionCA-R17: {[34,] 5, …, 16}

This FG is a working assumption
	Optional with capability

	
	24-11f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells
	· Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells

· Supported combination of (pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)

	24-4 or 24-5
	Yes
	N/A
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells is not supported
	Per BC
	N/A
	N/A
	N/A
	If the UE reports pdcch-BlindDetectionCA-r17: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1}, 
· the value range of pdcch-BlindDetectionSCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1}, 
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= pdcch-BlindDetectionCA-r17
Otherwise, if  is a maximum total number of downlink cells that have SCS configuration  and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 or of pdcch-BlindDetectionSCG-UE-r17 is {1,2,3}, and
pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= .
	Optional with capability

	
	24-11g
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17) corresponds to one combination of (pdcch-BlindDetectionCA1, pdcch-BlindDetectionCA3)
If the UE reports pdcch-BlindDetectionCA-r15: 
· the value range of pdcch-BlindDetectionMCG-UE-r15 is {0, 1, …, pdcch-BlindDetectionCA-r15 - 1},
· the value range of pdcch-BlindDetectionSCG-UE-r15 is {0, 1, …, pdcch-BlindDetectionCA-r15 - 1}
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 >= pdcch-BlindDetectionCA-r15.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r15monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r15 is {0,1,2},
· the value range of pdcch-BlindDetectionSCG-UE-r15 is {0,1,2}, 
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 >= .
If the UE reports pdcch-BlindDetectionCA-r17: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1},
· the value range of pdcch-BlindDetectionSCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1},
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= pdcch-BlindDetectionCA-r17.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 or of pdcch-BlindDetectionSCG-UE-r17 is {0,1,2}, and 
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= .
	Optional with capability

	
	24-11h
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers

	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	One combination of (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17) corresponds to one combination of (pdcch-BlindDetectionCA2, pdcch-BlindDetectionCA3)
If the UE reports pdcch-BlindDetectionCA-r16: 
· the value range of pdcch-BlindDetectionMCG-UE-r16 is {0, 1, …, pdcch-BlindDetectionCA-r16 - 1},
· the value range of pdcch-BlindDetectionSCG-UE-r16 is {0, 1, …, pdcch-BlindDetectionCA-r16 - 1},
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-BlindDetectionCA-r16.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r16monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r16 is {0,1},
· the value range of pdcch-BlindDetectionSCG-UE-r16 is {0,1},
· pdcch-BlindDetectionMCG-UE-r16+ pdcch-BlindDetectionSCG-UE-r16 >= .
If the UE reports pdcch-BlindDetectionCA-r17: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1},
· the value range of pdcch-BlindDetectionSCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1}, 
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= pdcch-BlindDetectionCA-r17.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 is {0,1,2},
· the value range of pdcch-BlindDetectionSCG-UE-r17 is {0,1,2}, 
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= .
	Optional with capability

	
	24-11i
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17, Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17, Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
	N/A
	N/A
	N/A
	One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17) corresponds to one combination of (pdcch-BlindDetectionCA1, pdcch-BlindDetectionCA2, pdcch-BlindDetectionCA3)
If the UE reports pdcch-BlindDetectionCA-r15: 
· the value range of pdcch-BlindDetectionMCG-UE-r15 is {0, 1, …, pdcch-BlindDetectionCA-r15 - 1}, 
· the value range of pdcch-BlindDetectionSCG-UE-r15 is {0, 1, …, pdcch-BlindDetectionCA-r15 - 1}, 
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 >= pdcch-BlindDetectionCA-r15.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r15monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r15 is {0,1,2}, 
· the value range of pdcch-BlindDetectionSCG-UE-r15 is {0,1,2}, 
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 >= .
If the UE reports pdcch-BlindDetectionCA-r16: 
· the value range of pdcch-BlindDetectionMCG-UE-r16 is {0, 1, …, pdcch-BlindDetectionCA-r16 - 1}, 
· the value range of pdcch-BlindDetectionSCG-UE-r16 is {0, 1, …, pdcch-BlindDetectionCA-r16 - 1}, 
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-BlindDetectionCA-r16.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r16monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r16 is {0,1}, 
· the value range of pdcch-BlindDetectionSCG-UE-r16 is {0,1}, 
· pdcch-BlindDetectionMCG-UE-r16+ pdcch-BlindDetectionSCG-UE-r16 >= .
If the UE reports pdcch-BlindDetectionCA-r17: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1}, 
· the value range of pdcch-BlindDetectionSCG-UE-r17 is {0, 1, …, pdcch-BlindDetectionCA-r17 - 1}, 
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= pdcch-BlindDetectionCA-r17.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability: 
· the value range of pdcch-BlindDetectionMCG-UE-r17 is {0,1,2}, 
· the value range of pdcch-BlindDetectionSCG-UE-r17 is {0,1,2}, and 
· pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= .
	Optional with capability
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