3GPP TSG RAN WG1 Meeting #100-e 	R1-2000190
February 24 - March 6, 2020

Agenda Item:	7.2.8.1
Source:	Huawei, HiSilicon
Title:	Maintenance of DL PRS for NR positioning
[bookmark: _GoBack]Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we propose to fix the remaining issues of DL PRS for NR positioning in Rel-16, including
· UE capability of NR PRS
· UE capability of LTE/NR PRS simultaneous reception
· PRS reception under indicated slot format

[bookmark: _Ref129681832]Discussion
PRS buffering capability
In RAN1#99, we have the following agreement regarding PRS processing capability [1].
	Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability



It is the unclear whether “duration of DL PRS symbols in units of ms” is a contiguous window that also includes some blank symbol or partial blank symbol without a PRS resource from any cell or is the sum of symbols durations that overlaps with a PRS resource from any cell. Since before UE actually receives the PRS, UE has no information about the PRS Rx time, we propose to adopt the simple solution by interpreting the duration of a contiguous window.
Proposal 1: Clarify that the duration in the following sentence is a contiguous window duration that also includes symbols not overlapped with any PRS resources.
Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability

As a UE capability, one must also decide whether it is reported with FR1/FR2 differentiation. In our view, since numerologies would be different between FR1 and FR2, it is reasonable to assume UE may report different values for FR1 and FR2. For FR2, currently we do not have 272 RB channel bandwidth to allow 272 RB PRS resource allocation, based on [2], and thus the RB assumed for FR2 should be changed to 264.
[bookmark: _Hlk497144372]Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135



Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A

	120
	32
	66
	132
	264



Observation 1: The maximum number of channel bandwidth for FR2 is 264.
Since the value is reported per FR, we suggest that the processing capability of PRS should be accumulated for each FR. For example, if UE reports 5ms for every 160ms in FR1, and in case PRS configuration has two frequency layers in FR1, UE is expected to process 5ms of PRS for each frequency every 320ms.
Observation 2: The periodicity T should be multiplied by the number of positioning frequency layers in an FR in case there are multiple positioning frequency layers.
It is not very suitable to only use the number of PRBs as a condition for the UE capability, because when the number of PRBs is constant, the sampling rates corresponding to different SCSs are different. For example, when the number of PRBs is 272 PRBs and SCS is equal to 15kHz, the sampling rate is 15000 * 4096; and when the number of PRBs is 272 PRBs and SCS is equal to 30kHz, the sampling rate is 30000 * 4096. The different sampling rates mean that the storage resources required for the UE with the same number of symbols are different. Therefore, when UE reports the above capability, it should be based on some reference numerology, and for other numerologies, it can be scaled assuming the same amount of buffering.
In summary, we have the following proposals.
Proposal 2: Duration X of DL PRS symbols in units of ms a UE can process every T ms assuming 30kHz SCS with 272 PRB allocation for FR1, and 120kHz SCS with 264 PRB allocation for FR2 is a UE capability.
Proposal 3: If F positioning frequency layers are configured to the UE within an FR, and for each positioning frequency layer , UE is expected to process the duration  for every  ms, where
 is the reported duration based on numerology  and  PRBs, where  for FR1 and  for FR2
 is the common SCS for all PRS resources in the frequency layer 
 is the common bandwidth for all PRS resources in the positioning frequency layer  if measurement gap is provided, otherwise the [carrier/active BWP/largest BWP] bandwidth in the units of PRBs in the numerology of the PRS.

For some UEs, the buffer of PRS for FR1 and FR2 uses the single baseband memory. In case PRS configuration includes both FR1 and FR2, another buffering capability should be introduced.
Proposal 4: Duration X of DL PRS symbols in units of ms a UE can process every T ms assuming 120kHz SCS with 264 PRB allocation for mixed FR1-FR2 operation is a UE capability.

Further consideration on PRS buffer capability
When UE reports the PRS buffer capability, the LMF should take that into account when providing the assistance data. However, considering the broadcast nature of the PRS due to the lack of on-demand PRS mechanism, it seems not possible to tailor PRS transmission characteristics particularly to a specific UE capability. For example, if the PRS configured periodicity is 80ms but a UE reports the processing capability of 5ms of PRS for every 160ms, it is not practical that LMF changes the PRS periodicity to 160ms for that UE. In case of broadcast positioning SIBs, there is no way to adapt the PRS configuration either. Therefore, we think it is possible for a UE  to receive a PRS configuration that is beyond its buffering capability.
Observation 3: It is possible that a UE receives a PRS configuration that is beyond its buffering capability in both the dedicated assistance data and broadcast assistance data cases.
Example: The periodicity of the PRS may be shorter than the UE reported T.
In the case that the periodicity of PRS is shorter than the UE reported T, the UE behavior should be clarified. Since the UE not only needs to buffer the PRS symbols, but also processes the PRS resources subject to the UE capability, a simple scaling of (X, T) may not work very well. We believe that the following four extensions can be inferred from the UE capability report of (X, T):
· Extension-1: UE supports (X, sT), where s>=1
· Extension-2: UE supports (X/s, T), where s>=1
· Extension-3: UE is not required to support (sX, sT), where s>=1
· Extension-4: UE is not required to support (X/s, T/s), where s>=1
Extension-1 and Extension-2 are natural since one provides UE with an additional processing time and the other reduces UE buffering time. Extension-3 suggests that even provided with a more processing time budget, UE is not required to buffer more PRS because UE memory may be limited. Extension-4 suggests that reducing the buffering time may not proportionally reduce the processing time given the number of PRS resources may not be reduced. Therefore, the feasible region that the UE supports when reporting (X,T) is shown in Figure 1.
PRS duration
Feasible region that UE supports
Extension-3
(X,T)
PRS periodicity
Extension-4

[bookmark: _Ref31825360]Figure 1 Illustration of feasible region that UE supports based on (X, T) reports from UE
Since the feasible region that UE supports is not flexibly scalable, we propose to support UE to report multiple (X, T) pairs so that the network can have a better knowledge of the UE buffering capability. The feasible region that the UE supports based on multiple reported (X, T) pairs is shown in Figure 2.
As long as the PRS configuration (including PRS duration across all TRPs in a positioning frequency layer, and PRS periodicity) is within the feasible region, UE is expected to receive and process all the PRS.
Note that there may be different periodicities for PRS resource sets in a positioning frequency layer. In such a case, we propose to use the greatest common divisor (GCD) of the periodicities of all the PRS resource sets in the positioning frequency layer to determine the feasibility.
PRS duration
Feasible region that UE supports
PRS periodicity
(X2,T2)
(X1,T1)
(X3,T3)

[bookmark: _Ref31825702]Figure 2 Illustration of feasible region that UE supports based on multiple (X, T) reports from UE
In summary, we have the following proposal.
Proposal 5: Support UE to report multiple (X, T) pairs for PRS buffering capability, and as long as the PRS duration and PRS periodicity in a positioning frequency layer is supported by at least one (X, T), UE is expected to receive all the PRS in that positioning frequency layer.
· The PRS periodicity used above is the gcd of the periodicities of all PRS resource sets in the positioning frequency layer.

PRS bandwidth capability
In fact, when the SCS is 120kHz and the number of PRBs is 272 (approximately 400MHz), the buffering and computing resources required by the UE will increase sharply. Furthermore, the UE needs to process PRS from multiple cells in a short time. For a certain UE, the processing resources allocated inside the UE for the positioning function are limited, and for different UEs, the processing resources that can be allocated are also different. So, not all UEs can support such a large bandwidth for positioning.
Therefore, we have the following proposal.
Proposal 6: The maximum bandwidth of PRS that the UE can support depends on the UE capability.

PRS resource capability
We also discussed the UE capability regarding the following parameters [1]
Max number of frequency layers (X1)
Max number of PRS resource sets per TRP (X3) per frequency layer
Max number of Resources per PRS resource set (X4)
Max number of DL PRS Resources per UE (X5)
Max number of TRPs for all frequency layers (X6) per UE
Max number of Resources per frequency layer (X7)
In case of unicast assistance data, network should ensure that the configured number does not exceed the UE reported capability. On the other hand, there is also possibility that assistance data is provided by broadcast without any capability exchange in advance, and in this way, UE is not expected to process the frequency layers, the TRPs, and the PRS resources/resource sets beyond its capability.
Proposal 7: UE is not expected to process all DL PRS provided in the assistance data that is beyond its capability.
Adopt the following TP for TS 38.214 Clause 5.1.6.5
============================= Unchanged part omitted ===========================
The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.
The UE is not required to process all DL PRS provided in the assistance data that is beyond its capability [X, TS 37.355].
============================= Unchanged part omitted ===========================

Simultaneous processing of LTE and NR PRS
For NG-RAN deployment, there may be ng-eNB/PRS-only TPs to transmit LTE PRS and gNB/NR-PRS-only TRPs to transmit NR PRS. The current LPP specification allows
Assistance data delivery containing both LTE PRS and NR PRS
Measurement request requesting both measurements based on LTE PRS and NR PRS
Since processing LTE PRS and NR PRS simultaneously would inevitably increase the UE load, we propose to define a UE capability regarding simultaneous LTE-NR PRS processing.
Proposal 8: Whether the UE can process LTE PRS and NR PRS simultaneously is a UE capability.

PRS with slot format
In RAN1#99, we had the following agreement regarding PRS mapping with slot format configuration.
	Agreement:
· Configured DL PRS are transmitted on DL symbols of a slot configured by higher layers
· Configured DL PRS are transmitted on symbols of slot configured as flexible symbols by higher layers
· If the UE is not provided with a measurement gap, the UE is not expected to process DL PRS Resources on serving or neighboring cells on symbols indicated as UL by the serving cell



The agreement only mentioned the semi-static configuration of DL and flexible, and indicating of “UL” by semi-static or dynamic signaling (SFI or DCI). One behavior that is not clear is when dynamic SFI indicates flexible or dynamic SFI is configured to monitor but is not detected.
Observation 4: The UE behavior is unclear on semi-static flexible symbols for the serving cell if dynamic SFI indicates flexible or if dynamic SFI is not detected.
Note that, similar to measurements, the PRS reception is only configured by higher layer parameters.  Therefore, the existing behavior regarding dynamic slot format to override the flexible symbols in semi-static configuration should be the baseline. However, there is some mismatch considering PRS may be transmitted from the neighbouring cells, which have no idea of UE’s slot configuration that is partly determined by  PHY layer signaling from the serving cell. For example, for other signals like periodic CSI-RS for CSI/BM, if dynamic SFI indicates flexible or is not detected by the UE, UE should cancel the measurements, simply because gNB may not transmit the CSI-RS and reserve the symbol for other purposes. It may be different for PRS, as neighbouring gNB still transmit PRS regardless of the ongoing resource reservation for the serving cell. Note that on that symbol, UE may not do anything at all. Therefore, we propose that even if dynamic SFI indicates the symbol to be flexible, or if dynamic SFI is not detected, UE should still receive PRS.
Proposal 9: UE receives the PRS on flexible symbols unless it is explicitly indicated as UL.
1. For flexible symbol indicated by dynamic SFI, UE still receives the PRS.
In summary, we propose the following behavior for PRS reception without a measurement gap.
Proposal 10: Support the UE behavior summarized in Table 1.
1. Note: DL reception of other signals with PRS on D/F symbols should be covered by other specifications.
1. Note: The conflict configuration of UL with DL of PRS is possible as PRS may be transmitted from neighbouring cells, and thus the behavior needs to be specified.
[bookmark: _Ref29634633]Table 1 UE behavior of PRS reception without a measurement gap
	Conditions of symbols configured for PRS reception.
	UE behavior of PRS on the symbols

	Description
	Semi-static slot format
	Dynamic SFI
	Other signals (configured by higher layer or triggered by DCI)
	

	Without dynamic SFI
Subclause 11.1 of TS 38.213
	D
	N/A
	No signal
	Receive

	
	U
	N/A
	U or no signal
	Not receive

	
	F
	N/A
	U
	Not receive

	
	F
	N/A
	No signal
	Receive

	With dynamic SFI
Subclase 11.1.1 of TS 38.213
	D
	D
	No signal
	Receive

	
	U
	U
	U or no signal
	Not receive

	
	F
	D
	No signal
	Receive

	
	F
	F
	U (by DCI)
	Not receive 

	
	F
	F
	No signal
	Receive

	
	F
	U
	U or no signal
	Not receive

	
	F
	Not detected
	U (by DCI)
	Not receive

	
	F
	Not detected
	No signal
	Receive



On flexible symbols, there could be possibility that a first UE is receiving PRS transmitted from the serving cell and/or the neighbouring cells, while a second UE in the serving cell or a neighbouring cell is transmitting UL signal/channels, causing interference and possibly jamming the RF of the first UE. Therefore, we have the following proposal.
Proposal 11: UE does not expect to receive a PRS symbol that overlaps with UL transmission from another UE, regardless of whether the PRS is transmitted from the serving cell or the neighbouring cell, and whether the two UEs are from the same cell or from different cells.
Proposal 12: Adopt the TPs (#1, #2, #3, #4) in the Appendix

PRS collision with SSB
In RAN1#99, we made the following agreement.
	Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)



The agreement and current specification is not clear about the PRS from one TRP overlapping with SSB from another TRP. In our view, PRS transmission from a TRP should be not affected by the SSB transmission from another TRP. Therefore, we suggest to change the spec to make the behavior clearer.
Proposal 13: Adopt the following TP to TS 38.214 Clause 5.1.6.5.
============================= Unchanged part omitted ===========================
The UE assumes that for the serving cell the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from the same serving cell. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS from a non-serving cell is not mapped to any symbol that contains the SS/PBCH block of the same non-serving cell. 
============================= Unchanged part omitted ===========================

Feature grouping
Framework
Considering the current RAN2 running CR in the email discussion [3] [4], where stage-2 and LPP have been written in a so-called multi-method way. For each method, there is a capability exchange procedure, namely
DL-TDOA: 	NR-DL-TDOA-RequestCapbilities/-ProvideCapabilities
DL-AoD: 		NR-DL-AoD-RequestCapabilities/-ProvideCapabilities
Multi-RTT: 	NR-Multi-RTT-RequestCapabilities/-ProvideCapabilities
E-CID:		NR-ECID-RequestCapabilities/-ProvideCapabilities
So in our view, the NR positioning feature should be sorted into the following sub-features
13. NR DL-TDOA positioning
13a. NR DL-AoD positioning
13b. NR Multi-RTT positioning
13c. NR E-CID positioning
Proposal 14: NR positioning feature should include the following sub-features.
	13. NR DL-TDOA positioning
	
	
	
	

	13a. NR DL-AoD positioning
	
	
	
	

	13b. NR Multi-RTT positioning
	
	
	
	

	13c. NR E-CID positioning
	
	
	
	


Basic feature group and additional feature groups
Take NR DL-TDOA positioning for example, there should be a basic feature group that all UEs claiming support of DL-TDOA positioning should support, which serves as the prerequisite of other feature groups, i.e., mandatory feature group. In our view, the basic feature group can include the following.
	13. NR DL-TDOA positioning
	13-1
	Basic DL-TDOA positioning
	1. Support of [FFS] positioning frequency layer 
2. Support of [FFS] PRS resource set per TRP
3. Support of [FFS] PRS resource per PRS resource set for FR1 and [FFS] PRS resources per PRS resource set for FR2
4. Support of [FFS] PRS resources across all positioning frequency layers for FR1 and [FFS] PRS resources per PRS resource set for FR2
5. Support of [FFS] TRPs across all positioning frequency layers
6. Support of intra-frequency DL PRS RSRP/DL RSTD measurement based on DL PRS 
7. Support of [FFS] PRS bandwidth for FR1 and [FFS] PRS bandwidth for FR2
8. Support of (X, T) = (FFS, FFS) for FR1 and (FFS, FFS) for FR2: Duration of DL PRS symbols in X ms a UE can process every T ms assuming 272 PRB allocation and 30kHz SCS for FR1 and assuming 264 PRB allocation and 120kHz SCS for FR2
	


Proposal 15: Under each feature, a basic feature group should be defined, which can be regarded as mandatory to support the feature, followed by additional optional feature groups.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present our views on the DL PRS design. Based on the discussion, we have the following observations and proposals:
Observation 1: The maximum number of channel bandwidth for FR2 is 264.
Observation 2: The periodicity T should be multiplied by the number of positioning frequency layers in an FR in case there are multiple positioning frequency layers.
Observation 3: It is possible that a UE receives a PRS configuration that is beyond its buffering capability in both the dedicated assistance data and broadcast assistance data cases.
Example: The periodicity of the PRS may be shorter than the UE reported T.
Observation 4: The UE behavior is unclear on semi-static flexible symbols for the serving cell if dynamic SFI indicates flexible or if dynamic SFI is not detected.
Proposal 1: Clarify that the duration in the following sentence is a contiguous window duration that also includes symbols not overlapped with any PRS resources.
Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability
Proposal 2: Duration X of DL PRS symbols in units of ms a UE can process every T ms assuming 30kHz SCS with 272 PRB allocation for FR1, and 120kHz SCS with 264 PRB allocation for FR2 is a UE capability.
Proposal 3: If F positioning frequency layers are configured to the UE within an FR, and for each positioning frequency layer , UE is expected to process the duration  for every  ms, where
 is the reported duration based on numerology  and  PRBs, where  for FR1 and  for FR2
 is the common SCS for all PRS resources in the frequency layer 
 is the common bandwidth for all PRS resources in the positioning frequency layer  if measurement gap is provided, otherwise the [carrier/active BWP/largest BWP] bandwidth in the units of PRBs in the numerology of the PRS.
Proposal 4: Duration X of DL PRS symbols in units of ms a UE can process every T ms assuming 120kHz SCS with 264 PRB allocation for mixed FR1-FR2 operation is a UE capability.
Proposal 5: Support UE to report multiple (X, T) pairs for PRS buffering capability, and as long as the PRS duration and PRS periodicity in a positioning frequency layer is supported by at least one (X, T), UE is expected to receive all the PRS in that positioning frequency layer.
· The PRS periodicity used above is the gcd of the periodicities of all PRS resource sets in the positioning frequency layer.
Proposal 6: The maximum bandwidth of PRS that the UE can support depends on the UE capability.
Proposal 7: UE is not expected to process all DL PRS provided in the assistance data that is beyond its capability.
Adopt the following TP for TS 38.214 Clause 5.1.6.5
============================= Unchanged part omitted ===========================
The UE does not expect to process the DL PRS in the same symbol where other DL signals and channels are transmitted to the UE when there is no measurement gap configured to the UE.
The UE is not required to process all DL PRS provided in the assistance data that is beyond its capability [X, TS 37.355].
============================= Unchanged part omitted ===========================
Proposal 8: Whether the UE can process LTE PRS and NR PRS simultaneously is a UE capability.
Proposal 9: UE receives the PRS on flexible symbols unless it is explicitly indicated as UL.
1. For flexible symbol indicated by dynamic SFI, UE still receives the PRS.
Proposal 10: Support the UE behavior summarized in Table 1.
1. Note: DL reception of other signals with PRS on D/F symbols should be covered by other specifications.
1. Note: The conflict configuration of UL with DL of PRS is possible as PRS may be transmitted from neighbouring cells, and thus the behavior needs to be specified.
Proposal 11: UE does not expect to receive a PRS symbol that overlaps with UL transmission from another UE, regardless of whether the PRS is transmitted from the serving cell or the neighbouring cell, and whether the two UEs are from the same cell or from different cells.
Proposal 12: Adopt the TPs (#1, #2, #3, #4) in the Appendix
Proposal 13: Adopt the following TP to TS 38.214 Clause 5.1.6.5.
============================= Unchanged part omitted ===========================
The UE assumes that for the serving cell the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from the same serving cell. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS from a non-serving cell is not mapped to any symbol that contains the SS/PBCH block of the same non-serving cell. 
============================= Unchanged part omitted ===========================
Proposal 14: NR positioning feature should include the following sub-features.
	13. NR DL-TDOA positioning
	
	
	
	

	13a. NR DL-AoD positioning
	
	
	
	

	13b. NR Multi-RTT positioning
	
	
	
	

	13c. NR E-CID positioning
	
	
	
	


Proposal 15: Under each feature, a basic feature group should be defined, which can be regarded as mandatory to support the feature, followed by additional optional feature groups.
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Appendix
TP#1 for TS 38.214 Clause 5.1.6.5
============================= Unchanged part omitted ===========================
The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap. When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP. If the UE is not provided with a measurement gap, the UE is not expected to process DL PRS resources on serving or non-serving cells on any symbols indicated as UL by the serving cell. When the UE is expected to measure the DL PRS resource outside the active DL BWP it may request a measurement gap in higher layer parameter [XYZ]. 
============================= Unchanged part omitted ===========================

TP#2 for TS 38.213 Clause 11.1
============================= Unchanged part omitted ===========================
For each slot having a corresponding index provided by slotIndex, the UE applies a format provided by a corresponding symbols. The UE does not expect tdd-UL-DL-ConfigurationDedicated to indicate as uplink or as downlink a symbol that tdd-UL-DL-ConfigurationCommon indicates as a downlink or as an uplink symbol, respectively.
For each slot configuration provided by tdd-UL-DL-ConfigurationDedicated, a reference SCS configuration is the reference SCS configuration [image: ] provided by tdd-UL-DL-ConfigurationCommon.
A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the slot configuration period are determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated and are common to each configured BWP. 
A UE considers symbols in a slot indicated as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated to be available for receptions and considers symbols in a slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated to be available for transmissions. 
If a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1 
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant 
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot. 
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time [image: ] for the corresponding UE processing capability [6, TS 38.214] assuming [image: ] and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols 
For a set of symbols of a slot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS overlaps, even partially, with the set of symbols of the slot.
For a set of symbols of a slot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not receive DL PRS in the set of symbols of the slot, if the UE is not provided with a measurement gap.
For a set of symbols of a slot that are indicated to a UE as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH, PRACH, or SRS overlaps, even partially, with the set of symbols of the slot.
For a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot. 
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 
For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
If a UE is scheduled by a DCI format 1_1 to receive PDSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicate that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the PDSCH in the slot. 
If a UE is scheduled by a DCI format 0_1 to transmit PUSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.
============================= Unchanged part omitted ===========================

TP#3 for TS 38.213 Clause 11.1.1
============================= Unchanged part omitted ===========================
For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	if one or more symbols from the set of symbols are symbols in a CORESET configured to the UE for PDCCH monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0 indicates that the one or more symbols are downlink symbols
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives PDSCH or CSI-RS in the set of symbols of the slot
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE transmits the PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible, and the UE does not detect a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive PDSCH or CSI-RS, or the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot, the UE does not transmit or receive in the set of symbols of the slot
-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink
-	if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the DL PRS in the set of symbols of the slot if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink or flexible
-	if the UE is configured by higher layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as uplink
-	if the UE is configured by higher layers to transmit SRS in the set of symbols of the slot, the UE transmits the SRS only in a subset of symbols from the set of symbols of the slot indicated as uplink symbols by an SFI-index field value in DCI format 2_0
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink and also detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or more symbols from the set of symbols of the slot
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes symbols corresponding to any repetition of a PUSCH transmission activated by an UL Type 2 grant PDCCH as described in Clause 10.2
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as uplink and also detect a DCI format 1_0 or DCI format 1_1 or DCI format 0_1 indicating to the UE to receive PDSCH or CSI-RS in one or more symbols from the set of symbols of the slot
If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot. 
If a UE is configured by higher layers to receive a DL PRS in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the DL PRS reception in the set of symbols of the slot. 
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time [image: ] for the corresponding PUSCH processing capability [6, TS 38.214] assuming [image: ] and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0, DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols. 
A UE assumes that flexible symbols in a CORESET configured to the UE for PDCCH monitoring are downlink symbols if the UE does not detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as flexible or uplink and the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH in the set of symbols. 
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant
-	the UE receives PDCCH as described in Clause 10.1
-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot
-	if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the DL PRS
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided EnableConfiguredUL-r16, the UE 
-	does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRS in symbols from the set of symbols in the slot, if any, starting from a symbol that is after PUSCH preparation time [image: ] for the corresponding PUSCH timing capability [6, TS 38.214] assuming [image: ] after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH, or the PRACH in symbols from the set of symbols in the slot, if any, starting before a symbol that is after the PUSCH preparation time [image: ] for the corresponding PUSCH timing capability [6, TS 38.214] assuming [image: ] after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is provided EnableConfiguredUL-r16, the UE can transmit the SRS, or PUCCH, or PUSCH, or PRACH, respectively.
For unpaired spectrum operation for a UE on a cell in a frequency band of FR1, and when the scheduling restrictions due to RRM measurements [10, TS 38.133] are not applicable, if the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit in a set of symbols, the UE is not required to perform RRM measurements [10, TS 38.133] based on a SS/PBCH block or CSI-RS reception on a different cell in the frequency band if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of symbols.
============================= Unchanged part omitted ===========================

TP#4 for TS 38.214 Clause 5.1.6.5
============================= Unchanged part omitted ===========================
The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap. When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP. If the UE is not provided with a measurement gap, the UE is not expected to process DL PRS resources on serving or non-serving cells on any symbols indicated as UL by the serving cell. When the UE is expected to measure the DL PRS resource outside the active DL BWP it may request a measurement gap in higher layer parameter [XYZ]. 
UE does not expect to receive a PRS symbol from the serving or a neighbouring cell that overlaps with UL transmission from another UE from the serving cell or a neighbouuring cell.
============================= Unchanged part omitted ===========================
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