Page 1

[bookmark: _Hlk1045022]3GPP TSG RAN WG1 #112			R1- 2301446
Athens, Greece, February 27th – March 3rd, 2023

Agenda item:	9.17
Source: 	Qualcomm Incorporated
Title: 	Rel-18 TEI proposals
Document for:	Discussion/Decision
Introduction
In this contribution, we propose multiple candidate Rel-18 TEI enhancements along with the corresponding motivations and use cases:
· Rel-18 TEI proposal 1: Enhanced PDCCH reception for mDCI based mTRP.
· Rel-18 TEI proposal 2: Enhanced UE capability signaling on maxNumberMIMO-layersPDSCH
· Rel-18 TEI proposal 3: PDCCH monitoring resume after PDCCH skipping started
· Rel-18 TEI proposal 4: Enhancement for scheduling request
· Rel-18 TEI proposal 5: UE reporting of power offset for SRS antenna switching
· Rel-18 TEI proposal 6: RAT-independent Positioning Enhancements
Enhanced PDCCH reception for mDCI based mTRP
Motivation
Multi-DCI based multi-TRP is specified in Rel-16 with the following relevant features:
· Two PDSCHs associated with different coresetPoolIndex values can be partially/fully overlapping in time in the same CC
· The max number of PDSCH per slot (in TDM manner) is defined per coresetPoolIndex, which can be indicated by UE capability.
· For PDCCH monitoring in multi-DCI based multi-TRP, the following are supported:
· The maximum number of CORESETs per BWP is increased to 5 CORESETs, with a maximum of 3 CORESETs per coresetPoolIndex value.
· The maximum number of BDs / CCEs is doubled subject to UE capability, with a limit per coresetPoolIndex value that is same as a single-TRP CC.

Furthermore, in Rel-18, it is agreed that two PUSCHs associated with different coresetPoolIndex values can be partially/fully overlapping in time in the same CC (for simultaneous transmission in MIMO AI).
In order for the network to schedule overlapping PDSCHs / PUSCHs, the two TRPs need to transmit the two corresponding DCIs in any scheduling instance (e.g., in any slot or PDCCH monitoring occasion). As discussed above, the PDCCH monitoring capabilities (number of BDs / CCEs) are also enhanced accordingly. However, the following two issues make it practically infeasible for UE to receive two DCIs at the same time (issue 1 for FR2) or even in the same slot / PDCCH monitoring occasion (issue 2):
· Issue 1: This issue is related to QCL-TypeD prioritization for overlapping CORESETs, which is specific to FR2. Based on the procedure defined in 38.213 Section 10.1, the UE selects one CORESET (based on a priority rule), and only that CORESET and other CORESETs with the same QCL-TypeD priorities are monitored when multiple CORESETs overlap in time.
· During the maintenance phase of Rel-16, extending this rule for multi-DCI based mTRP (to make it per TRP) was discussed. Such discussions were postponed with the understanding that Rel-17 can potentially address the issue. However, Rel-17 only enhanced this QCL-TypeD prioritization rule for the case of PDCCH repetition and for the case of SFN PDCCH, but it was not extended for the case of multi-DCI based multi-TRP.
· Issue 2: Even though the number of BDs / CCEs that the UE monitors is doubled (and number of CORESETs is increased to 5) in Rel-16, the capability to process DL DCIs or UL DCIs was not extended accordingly. That is, the UE can only monitor more PDCCH candidates, but cannot actually receive and process more DCIs.
· For basic PDCCH capability (FG 3-1), the UE can process one DL DCI and one UL DCI per slot for FDD, and one DL DCI and two UL DCIs per slot for TDD.
· For more advanced PDCCH monitoring capabilities such as FG 3-5a or FG 3-5b, the number of DL DCIs or UL DCIs that the UE can process is defined per PDCCH monitoring occasion or per PDCCH span. For these advanced PDCCH monitoring capabilities, it is possible to receive more than one DL DCI and more than one UL DCI per slot, but there is additional complexity associated with PDCCH monitoring as well. 
· In either case, the max number of DL DCIs or UL DCIs is not extended accordingly for the case of multi-DCI based multi-TRP.
· Hence, in order to be able to receive DCIs from different TRPs in a slot in the case of multi-DCI based multi-TRP, the UE has to support one of these advanced UE capabilities, which is not reasonable. This can be a barrier for wide deployment of this feature. Effectively, the larger number of BDs / CCEs specified in Rel-16 for multi-DCI based multi-TRP cannot be utilized in practice to actually transmit more DL / UL DCIs from the two TRPs.

These two issues result in inefficient operation of multi-DCI based multi-TRP feature as they impose unnecessary restrictions on transmissions of DCIs from corresponding TRPs. 
[bookmark: Obs1]Observation 1: Multi-DCI based multi-TRP operation based on existing specifications suffers from the following two issues:
· Issue 1: Existing QCL-TypeD prioritizations for overlapping CORESETs does not allow the UE to monitor PDCCHs with different beams from corresponding TRPs on the same / overlapping OFDM symbols.
· Issue 2: Even though the PDCCH monitoring capabilities (number of BDs / CCEs) are increased for multi-DCI based multi-TRP, the capability related to number of DL/UL DCIs that the UE can actually receive and process is not enhanced correspondingly. 

Proposal
To address Issue 1, we propose to perform the legacy QCL-TypeD prioritization rules separately for coresetPoolIndex value 0 and for coresetPoolIndex value 1. An example of the change needed in 38.213 Section 10.1 is shown in the following TP:

============TP for 38.213 Section 10.1 ====================================
--Unchanged part omitted------------------------
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells 
-	the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
If a UE 
-	is not provided coresetPoolIndex for first CORESETs, or is provided coresetPoolIndex with value 0 for first CORESETs, and 
-	is provided coresetPoolIndex with value 1 for second CORESETs, and
-	is provided [twoQCLTypeDforMulti-DCI]
the UE applies procedures described above independently across the first CORESETs and the second CORESETs.
--Unchanged part omitted------------------------
===============================================================
[bookmark: _Hlk126491727]To address issue 2, we propose to introduce a UE capability that can indicate the UE can process more DL / UL DCIs for a CC that is configured with two coresetPoolIndex values. Such capability may be separately indicated for DL DCI versus UL DCI. Also, this capability may explicitly indicate a number of DL/UL Dis that the UE can monitor, or can simply indicate that the number of DL/UL DCIs per coresetPoolIndex for the CC is the same as the number of DL/UL DCIs for a CC that is not associated with two coresetPoolIndex value (which is determined based on legacy UE capabilities). These details can be discussed as part of Rel-18 UE capability sessions. 

[bookmark: Pro1]Proposal 1: For multi-DCI based multi-TRP operation, support the following:
· QCL-TypeD prioritization rules for overlapping CORESETs is performed per coresetPoolIndex value. The TP above can be used for this purpose.
· Introduce a UE capability that can indicate the UE can process more DL / UL DCIs for a CC that is configured with two coresetPoolIndex values.
· The details include whether separate FGs are needed for DL DCIs versus UL DCIs can be discussed in Rel-18 UE feature sessions. 
Enhanced UE capability signaling on maxNumberMIMO-layersPDSCH
Motivation
In the current UE capability signalling maxNumberMIMO-layersPDSCH for DL MIMO, there are two unnecessary limitations. 
· Limitation 1: the allowed values for maxNumberMIMO-layersPDSCH are {twoLayers, fourLayers, eightLayers} where sixLayers are missing. Given that there is no product on market to support more than fourLayers for DL MIMO, the caveat is not a problem for now. But in the future, this is a problem for UE vendors to build new devices beyond 4 layers, because the new devices have to support up to 8 layers directly. It is quite challenging to build device which improves from supporting max of 4 layers to max of 8 layers directly. It is beneficial, from both market demand and UE implementation perspective, to allow UE vendors improve devices from max of 4 layers to max of 6 layers, then to max of 8 layers. 
· Limitation 2: In Rel-15, number of Rx and number of max layers supported for DL MIMO is unnecessary tied together. For example, a 4 Rx UE is mandated to support 4 layers DL MIMO. We don’t intend to break the coupling for existing legacy devices which are already deployed, although we don’t think the couple is necessary. However, for future devices that can support more than 4 layers, it would be beneficial to untie the coupling of number of Rx and number of max DL MIMO layers, to allow more flexible UE implementation on market. 
Proposal
To address the first limitation, a very simple proposal is made. 
[bookmark: Pro2]Proposal 2: Add a new UE capability of maxMIMO-LayersPDSCH-r18 with candidate values {2,4,6,8}.
	
	Description
	Per
	
	Candidate values

	maxMIMO-LayersPDSCH-r18
	Supported maximum number of DL MIMO layers
	FSPC
	
	{2,4,6,8}



To address the second limitation, the following proposal is made. 
[bookmark: Pro3]Proposal 3: In UE capability maxNumberMIMO-layersPDSCH-r18, a 6-Rx UE can report a capability of twoLayers, fourLayers, or sixLayers, and an 8-Rx UE can report a capability of twoLayers, fourLayers, sixLayers, or eightLayers. 
PDCCH monitoring resume after PDCCH skipping started
Motivation
PDCCH skipping was specified in NR Rel-17 for UE power saving operations. It can be triggered by the gNB around the end of the transmission of a data cluster. In particular, in the scheduling DCI for the last PDSCH of the cluster (e.g., a XR video frame), the gNB can indicate the UE to skip PDCCH monitoring. Application delay for PDCCH skipping indication was not explicitly defined which means once the UE receives the PDCCH skipping indication, it immediately stops monitoring associated PDCCH candidates. This allows UE to terminate the CDRX active time before the CDRX activity timer expires. By properly configuring the set of PDCCH skipping values, a UE can continuously sleep until the start of the next CDRX cycle. 
The downside of this design is the UE may have to wait until the On Duration of the next DRX cycle to receive the retransmission of a failed PDSCH that is scheduled before the UE started PDCCH skipping. This was not considered a major issue during Rel-17 power saving discussions but becomes detrimental for XR traffic that has large packet size and tight packet delay budget (PDB) requirement. The additional delay to the retransmission may cause the UE to drop the entire video frame if the UE cannot successfully receive the retransmission before the delay deadline expires when the XR DL video periodicity (16.67 ms) is typically longer than the 10 ms PDB. 
Proposal
To resolve the issue above for the XR DL video traffic, a simple design fix can be introduced by the following proposal:
[bookmark: Pro4]Proposal 4: UE resumes PDCCH monitoring after PDCCH skipping has started if the UE sent the NACK for a PDSCH decoding failure
· This is an optional UE feature based on UE capability report
Enhancement for scheduling request
Motivation
In Rel-17, when PDCCH skipping is configured for a UE, it is allowed that an SR transmission from the UE during a PDCCH skip duration can override the previous PDCCH skipping indication and the UE resumes PDCCH monitoring. The underlying principle of this behavior is that, when an SR is pending at the UE during a PDCCH skip duration, the network can realize it only after receiving an SR transmission from the UE. By terminating PDCCH skipping after the SR transmission, the UE and network do not need to wait until the end of the indicated PDCCH skip duration and, thus, a latency benefit is achieved,
For the SR enhancement associated with the latency reduction, there are some remaining issues:
· Issue 1: During an indicated PDCCH skip duration, the UE can transmit a regular BSR on PUSCH without sending an SR. For example, a BSR MAC CE may be piggybacked on a DG PUSCH, which has been scheduled by a PDCCH received before the PDCCH skip duration starts and comes before the next nearest SR occasion. In another example, a BSR MAC CE may be piggybacked on a CG PUSCH transmitted during the PDCCH skip duration. In both cases, the pending SR is cancelled after transmitting the BSR. However, unlike the case of the SR transmission, PDCCH skipping is not terminated in this case. Thus, the UE and network should wait until the end of the PDCCH skip duration to serve the UL traffic, which increases the latency.

· Issue 2: In addition to PDCCH skipping, search space set group (SSSG) switching, which is another UE power saving feature for licensed band, has been introduced in Rel-17. For example, when a UE is configured with two SSSGs, the first SSSG may be configured with frequent PDCCH monitoring, while the second SSSG may be configured with sparse PDCCH monitoring. In a heavy traffic situation, the UE may be indicated to monitor PDCCH according to the first SSSG. Otherwise, for UE power saving, the UE may be indicated to monitor PDCCH according to the second SSSG. If an SR is pending while the UE is monitoring PDCCH according to the first (i.e., dense) SSSG, the UE would receive a PDCCH scheduling an UL transmission quite soon after the SR transmission. However, if the UE is monitoring PDCCH according to the second (i.e., sparse) SSSG, the UE should wait for the next PDCCH monitoring occasion after the SR transmission, which could increase the latency.

· Issue 3: In order to harvest the latency benefit of SR overriding PDCCH skipping and/or SSSG switching, it may be desirable for the gNB to configure SR transmission occasions frequently over time. For FR2, since gNB may not be able to receive uplink transmissions from different UEs with different beam directions on the same OFDM symbol, the gNB may align the SR resources such that UEs with the same beam are scheduled on the same set of OFDM symbols.  However, in NR, the beam direction of a SR transmission (or PUCCH in general) may be changed via MAC-CE (e.g., via the PUCCH spatial relation Activation/Deactivation MAC CE). If on a set of OFDM symbols, the beam direction of one SR resource is changed, then the beams are not aligned anymore. In the current system, the only mechanism to make re-align the SR resources is to reconfigure SR resources for these users via RRC, which operates at a much lower pace. The problem is illustrated in Figure 5‑1: after the beam change on the SR PUCCH resource 3, the beam alignment between PUCCH resource 1, 2, 3 (from different UEs) are not maintained anymore. As a consequence, the gNB may not be able to receive all SRs at the same time.

[image: ]
[bookmark: _Ref127387820]Figure 5‑1 Illustration of Issue 3

Proposal
To address Issue 1 and Issue 2, the feature of SR overriding PDCCH skipping should be extended. That is, in order not to delay the UL transmission, it should be allowed that an SR or a Regular BSR transmission overrides PDCCH skipping, as well as SSSG switching.
[bookmark: _Ref110454893][bookmark: Pro5]Proposal 5: If a UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a PUSCH carrying a MAC CE for a Regular BSR.
[bookmark: Pro6]Proposal 6: If a UE is indicated to monitor PDCCH according to search space sets with a group index other than a designated index, the UE stops PDCCH monitoring according to search space sets with the group index and start PDCCH monitoring according to search space sets with the designated group index from the first slot that is at least  symbols after the last symbol of a PUCCH carrying an SR or a PUSCH carrying a Regular BSR.
To address Issue 3, we propose to allow the MAC-CE that signals the beam change to also indicate the change/update of PUCCH resource(s) associated with an SR transmission. 
[bookmark: Pro7]Proposal 7: For each spatial relation information or TCI state associated with a PUCCH resource for SR, the gNB configures a UE with a corresponding time domain offset (in #symbols or #slots). If a UE is indicated by the Rel-15 PUCCH spatial relation Activation/Deactivation MAC-CE, or Rel-16 Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE, or the Rel-17 Unified TCI States Activation/Deactivation MAC CE to update the spatial relation/TCI state associated with a PUCCH resource used for SR transmission, the UE performs the spatial relation/TCI state update and applies the time domain offset to the PUCCH resource. 
· The gNB may additionally configure a frequency domain offset or a code domain offset (e.g., OCC offset, cyclic shift offset) for each spatial relation information or TCI state. In this case, the UE shall also apply the frequency domain offset or code domain offset to the PUCCH resource. 
UE reporting of power offset for SRS antenna switching
Motivation
Release 17 introduced SRS antenna switching for 6Rx and 8Rx devices, namely {1T8R, 2T8R, 4T8R, 1T6R and 2T6R} to enable DL CSI acquisition across all Rx antennas. However, antenna switching for 6/8Rx devices comes at the cost of extra RF switching circuitry that introduces insertion loss. For some UE implementation, the insertion loss may be large which causes big mismatch between the actual DL channel and the one estimated by the gNB from UL sounding. This results into different Tx power between antenna ports or equivalent power offset between SRS antenna ports. gNB is unaware of the power offset between the SRS ports which will impact channel reciprocity reducing the quality of DL-CSI and DL beamforming by the gNB.  RAN4 specification allows for some relaxation of SRS transmit power for any ports other than first port and is given by a parameter, ∆TRxSRS, as shown in the text below from 38.101-1 version 17.8.0.
	6.2.4 Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
…
∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when
a) UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2' or 't1r1-t1r2' 
b) UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4' or 't1r1-t1r2-t1r4' or, 't1r1-t1r2-t2r2-t1r4-t2r4' 
c)  UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4- t2r4', or 't1r1-t1r2-t2r2-t2r4' or 't1r1-t1r2-t2r2-t1r4-t2r4', or
d) UE transmits SRS to a DL-only carrier 
The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 or power class 5 or power class 1.5 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16.
The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 during SRS transmission occasions with configured SRS resources consisting of one SRS port when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16. 
For other SRS transmissions ∆TRxSRS is zero;


Considering 1T4R UE architecture as a baseline for extending to 8Rx antennas, an extra RF switching circuitry is needed to route the Tx path to the extra Rx antennas. An example of such architecture is shown in the Figure 6‑1 below. It is important to note that there will be X1 to X2 dB extra insertion loss (i.e. power offset) for antenna ports 4-7 as compared to the first 4 antenna ports. 


[bookmark: _Ref68610761]Figure 6‑1 Example of 8Rx UE RF architecture with single Tx chain

To overcome this mismatch, the UE can report to the network the power offset between the antenna ports which can help the network to compensate the UL/DL channel mismatch. 
To evaluate the effectiveness of such reporting, a link-level evaluation was done for an 8Rx UE with 1T8R SRS antenna switching using CDL-C 300ns, 3km/hr and 20MHz DL/UL BW. The results are shown in Figure 6‑2 in which we compare three different schemes: legacy 4Rx with 1T4R, 8Rx UE with 1T4R and 8Rx with 1T8R for both scenarios of power offset compensation enabled and disabled at the gNB. The power offset across the extra four antenna ports is assumed to be [ 1 1 2 2] dB. For the case of 1T8R with gNB reporting of power offset, the throughput performance is close to the ideal scenario of no power offset across the antenna ports.
[image: ]
[bookmark: _Ref127366628]Figure 6‑2: Power offset reporting and compensation
[bookmark: Obs2]Observation 2: UE reporting of power offset can help the gNB to compensate of the power offset between the UL and DL channels and improve the DL throughput.

Proposal
[bookmark: Pro8]Proposal 8: For SRS antenna switching, Support UE capability of reporting of relative power offset of SRS antenna ports with respect to the first SRS port. 
RAT-independent Positioning Enhancements
Motivation
LPP protocol (TS 37.355) enables Control plane based positioning across multiple technologies, as shown in  the following table:


With regards to RAT-independent technologies, beyond GNSS, specification enhancements for the remaining technologies has been rather limited. Such signaling enhancements (in RAN2) can be done without the need of significant time and effort. Such enhancements will help expand the role of the multi-technology 3GPP-based positioning protocol and increase its value in the overall positioning ecosystem. 
	Potential RAT-independent Enhancement
	Motivation

	UWB Ranging
	A high-bandwidth (>=500 MHz) technology that can support secure and accurate ranging capability which has received a lot of product and ecosystem attention lately. UWB Technology is not included in LPP

	BT 5.1
	Bluetooth positioning in LPP is based on Bluetooth 4.2. Enhancements based on Bluetooth 5.1  (e.g. AoA/AoD positioning) could be introduced, along with UE-based Positioning

	WiFi 802.11az FTM
	WiFi RTT has been added in an earlier release (Rel-13). Enhancements needed to pick up the required changes for devices supporting the latest IEEE 802.11az FTM.



Proposal
Proposal 9: Send an LS to RAN2 to add the necessary signalling enhancements for the following RAT-independent Positioning Enhancements: 
· Introduction of UWB Ranging/Positioning, 
· update of BT positioning with Angular measurements and UE-based BT Positioning
· Updates on the WLAN Positioning for devices supporting IEEE 802.11az FTM.
Conclusion 
In this contribution, we observed / proposed the following for Rel-18 TEI:
Observation 1: Multi-DCI based multi-TRP operation based on existing specifications suffers from the following two issues:
· Issue 1: Existing QCL-TypeD prioritizations for overlapping CORESETs does not allow the UE to monitor PDCCHs with different beams from corresponding TRPs on the same / overlapping OFDM symbols.
· Issue 2: Even though the PDCCH monitoring capabilities (number of BDs / CCEs) are increased for multi-DCI based multi-TRP, the capability related to number of DL/UL DCIs that the UE can actually receive and process is not enhanced correspondingly. 
Observation 2: UE reporting of power offset can help the gNB to compensate of the power offset between the UL and DL channels and improve the DL throughput.
Proposal 1: For multi-DCI based multi-TRP operation, support the following:
· QCL-TypeD prioritization rules for overlapping CORESETs is performed per coresetPoolIndex value. The TP above can be used for this purpose.
· Introduce a UE capability that can indicate the UE can process more DL / UL DCIs for a CC that is configured with two coresetPoolIndex values.
· The details include whether separate FGs are needed for DL DCIs versus UL DCIs can be discussed in Rel-18 UE feature sessions. 
Proposal 2: Add a new UE capability of maxMIMO-LayersPDSCH-r18 with candidate values {2,4,6,8}.
	
	Description
	Per
	
	Candidate values

	maxMIMO-LayersPDSCH-r18
	Supported maximum number of DL MIMO layers
	FSPC
	
	{2,4,6,8}


Proposal 3: In UE capability maxNumberMIMO-layersPDSCH-r18, a 6-Rx UE can report a capability of twoLayers, fourLayers, or sixLayers, and an 8-Rx UE can report a capability of twoLayers, fourLayers, sixLayers, or eightLayers. 
Proposal 4: UE resumes PDCCH monitoring after PDCCH skipping has started if the UE sent the NACK for a PDSCH decoding failure
· This is an optional UE feature based on UE capability report
Proposal 5: If a UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a PUSCH carrying a MAC CE for a Regular BSR.
Proposal 6: If a UE is indicated to monitor PDCCH according to search space sets with a group index other than a designated index, the UE stops PDCCH monitoring according to search space sets with the group index and start PDCCH monitoring according to search space sets with the designated group index from the first slot that is at least  symbols after the last symbol of a PUCCH carrying an SR or a PUSCH carrying a Regular BSR.
Proposal 7: For each spatial relation information or TCI state associated with a PUCCH resource for SR, the gNB configures a UE with a corresponding time domain offset (in #symbols or #slots). If a UE is indicated by the Rel-15 PUCCH spatial relation Activation/Deactivation MAC-CE, or Rel-16 Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE, or the Rel-17 Unified TCI States Activation/Deactivation MAC CE to update the spatial relation/TCI state associated with a PUCCH resource used for SR transmission, the UE performs the spatial relation/TCI state update and applies the time domain offset to the PUCCH resource. 
· The gNB may additionally configure a frequency domain offset or a code domain offset (e.g., OCC offset, cyclic shift offset) for each spatial relation information or TCI state. In this case, the UE shall also apply the frequency domain offset or code domain offset to the PUCCH resource. 
Proposal 8: For SRS antenna switching, Support UE capability of reporting of relative power offset of SRS antenna ports with respect to the first port. 
Proposal 9: Send an LS to RAN2 to add the necessary signalling enhancements for the following RAT-independent Positioning Enhancements: 
· Introduction of UWB Ranging/Positioning, 
· update of BT positioning with Angular measurements and UE-based BT Positioning
· Updates on the WLAN Positioning for devices supporting IEEE 802.11az FTM.
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 LPP Supported Positioning Methods  


Method  UE - based  UE - assisted  


LTE /NB - IoT  OTDOA  No  Yes  


E - CID  No  Yes  


RAT - Independent  A - GNSS  Yes  Yes  


Sensor  Yes  Yes  


WLAN  Yes  Yes  


Bluetooth  No  Yes  


TBS  Yes  Yes  


NR  DL - TDOA  Yes  Yes  


DL - AoD  Yes  Yes  


Multi - RTT  No  Yes  


NR  E - CID   No  Yes  


UL - TDOA (1)  No (2)  No (2)  


UL - AoA (1)  No (2)  No (2)  


 NOTE 1: Only LPP Capability Transfer   NOTE 2: NW - based method  


 



