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5	Model of physical layer of the UE
The 5G-NR physical-layer model captures those characteristics of the 5G-NR physical-layer that are relevant from the point-of-view of higher layers. More specifically, the physical-layer model captures:
-	The structure of higher-layer data being passed down to or up from the physical layer;
-	The means by which higher layers can configure the physical layer;
-	The different indications (error indications, channel-quality indications, etc.) that are provided by the physical layer to higher layers.
[bookmark: _Toc11160628]5.1	Uplink model
[bookmark: _Toc11160629]5.1.1	Uplink shared channel
The physical-layer model for Uplink Shared Channel transmission is described based on the corresponding PUSCH physical-layer-processing chain, see Figure 5.1.1-1. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue.
-	Higher-layer data passed to/from the physical layer
-	CRC and transport-block-error indication
-	FEC and rate matching
-	Data modulation
-	Mapping to physical resource
-	Multi-antenna processing
-	Support of L1 control and Hybrid-ARQ-related signalling
[bookmark: _Ref147495395]
Figure 5.1.1-1: Physical-layer model for UL-SCH transmission

[bookmark: _Toc11160630]5.1.2	Random access channel
The physical-layer model for RACH transmission is characterized by a PRACH preamble format that consists of a cyclic prefix, a preamble, and a guard time during which nothing is transmitted. 
[bookmark: _Toc11160631]5.2	Downlink model
[bookmark: _Toc11160632]5.2.1	Downlink shared channel
The physical-layer model for Downlink Shared Channel transmission is described based on the corresponding PDSCH physical-layer-processing chain, see Figure 5.2.1-1. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue.
-	Higher-layer data passed to/from the physical layer;
-	CRC and transport-block-error indication;
-	FEC and rate matching;
-	Data modulation;
-	Mapping to physical resource;
-	Multi-antenna processing;
-	Support of L1 control and Hybrid-ARQ-related signalling.

[bookmark: _Ref147408743]
Figure 5.2.1-1: Physical-layer model for DL-SCH transmission

[bookmark: _Toc11160633]5.2.2	Broadcast channel
The physical-layer model for BCH transmission is characterized by a fixed pre-defined transport format. There is one transport block for the BCH every 80ms. The BCH physical-layer model is described based on the corresponding PBCH physical-layer-processing chain, see Figure 5.2.2-1:
-	Higher-layer data passed to/from the physical layer;
-	CRC and transport-block-error indication;
-	FEC and rate matching;
-	Data modulation;
-	Mapping to physical resource;
-	Multi-antenna processing.


[bookmark: _Ref147423413]Figure 5.2.2-1: Physical-layer model for BCH transmission
[bookmark: _Hlk23178658]
5.3 	Sidelink model
5.3.1	Sidelink shared channel
The physical-layer model for Sidelink Shared Channel transmission is described based on the corresponding SL-SCH physical-layer-processing chain, see Figure 5.3.1-1. Processing steps that are relevant for the physical-layer model, e.g. in the sense that they are configurable by higher layers, are highlighted in blue.
-	Higher-layer data passed to/from the physical layer;
-	CRC and transport-block-error indication;
-	FEC and rate matching;
-	Data modulation;
-	Mapping to physical resource;
-	Multi-antenna processing;
-	Support of L1 control and Hybrid-ARQ-related signalling.


Figure 5.3.1-1: Physical-layer model for SL-SCH transmission
5.3.2	Broadcast channel
The physical-layer model for Sidelink Broadcast Channel transmission is characterized by a fixed pre-defined transport format. There is one transport block for every slot in which the UE transmits SL-BCH, if the UE is configured to transmit on SL-BCH. The SL-BCH physical-layer model is described based on the corresponding SL-BCH physical-layer-processing chain, see Figure 5.3.2-1:	Comment by Qualcomm: Agreements:
160ms is supported as the S-SSB periodicity for all SCS.

-	Higher-layer data passed to/from the physical layer;
-	CRC and transport-block-error indication;
-	FEC and rate matching;
-	Data modulation;
-	Mapping to physical resource;
-	Multi-antenna processing.


Figure 5.3.2-1: Physical-layer model for SL-BCH transmission



[bookmark: _Toc11160635]6	Simultaneous transmission and reception of physical channels and physical signals
This clause describes the requirements from the UE to send and receive multiple physical channels and physical signals simultaneously depending on the capabilities and service requirements. The following notation is used between both the uplink and downlink subclauses below.
-	p is the number of uplink carriers configured for the UE on which physical channels can be transmitted
-	p' is the number of uplink carriers configured for the UE on which SRS can be transmitted
-	q is the number of downlink carriers configured for the UE
-	j is the number of cell groups configured for the UE.
-	k is the number of PUCCH groups configured for the UE. 
[bookmark: _Toc11160636]6.1	Uplink
The tables 6.1-1 and 6.1-2 describe the possible combinations of physical channels and SRS that can be sent in simultaneously in the uplink by one UE. Table 6.1-1 introduces notation for a "Transmission Type" which represents a physical channel or sounding reference signal, and any associated transport channel. Table 6.1-2 describes the combinations of these "Transmission Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be transmitted simultaneously.
Table 6.1-1: Uplink "Transmission Types"
	"Transmission Type"
	Physical Channel or SRS
	Associated
Transport Channel
	Comment

	A
	PRACH
	RACH
	Note 1

	B
	PUCCH
	N/A
	

	C
	PUSCH
	UL-SCH
	Note 2

	D
	SRS
	N/A
	

	Note 1:	RACH corresponds to contention based.
Note 2:	UCI on PUSCH without UL-SCH is possible.



Table 6.1-2: Uplink "Transmission Type" combinations
	Supported Combinations 
	Comment

	j x A
	Note 1

	k x B
	Note 2

	p x C
	Note 3, Note 4

	p' x D
	Note 3, Note 5

	 A + B
	Note 6

	 A + C
	Note 6

	 A + D
	Note 6

	 B + D
	Note 7

	 C + D
	Note 7

	Note 1:	The number of cell groups j in the supported combination is subject to UE capability.
Note 2:	The number of PUCCH groups k in the supported combination is subject to UE capability. 
Note 3:	The number of carriers p, and p' in the supported combinations are subject to UE capability. 
Note 4:	In the case there is one SUL carrier, then p-1 would be supported.
Note 5:	UE may be configured with p' but may also have capability to simultaneously sound less than this number. 
Note 6:	Simultaneous PRACH with PUCCH (or PUSCH or SRS) is supported only in the case of inter-band CA, with , , , and ' depending on the configuration, and subject to UE capability for parallel transmission.
Note 7:	Simultaneous SRS with PUCCH (or PUSCH) is supported only in the case of inter-band CA, with , , and ' depending on the configuration, and subject to UE capability for parallel transmission.



[bookmark: _Toc11160637]6.2	Downlink
The tables 6.2-1, 6.2-2 describe the possible combinations of physical channels that can be received simultaneously in the downlink by one UE. Table 6.2-1 introduces notation for a "Reception Type" which represents a physical channel and any associated transport channel. Table 6.2-2 describes the combinations of these "Reception Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be received simultaneously. The UE shall be able to receive all TBs according to the indication on PDCCH. Any subset of the combinations specified in table 6.2-2 is also supported.

Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	F0
	PDCCH
	Temporary C-RNTI
	UL-SCH
	Note 3

	F1
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	L0
	PDCCH
	SL-RNTI
	SL-SCH
	

	L1
	PDCCH
	SLCS-RNTI
	SL-SCH
	

	M
	PDCCH
	 SL Semi-Persistent Scheduling V-RNTI
	SL-SCH
	Note 5

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH.
Note 5:      This corresponds to PDCCH scheduling LTE PC5



Table 6.2-2: Downlink "Reception Type" combinations
	[bookmark: _Hlk23167877][bookmark: _Hlk23167888]Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	3. RRC_CONNECTED

	 A + C0 + (B and/or (D0 or (D1+m*D2))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + [L0 + L1 + M]
	A + (D0 or (D1+m*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + [L0 + L1 + M]
	D1 + m*D2 + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + [L0 + L1 + M]
	Note 2, Note 3, Note 4, Note 5

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability.
Note 5:     Support of monitoring PDCCH with SL-RNTI, SLCS-RNTI, SL Semi-Persistent Scheduling V-RNTI  are subject to UE capability



[bookmark: _Toc11160638]6.37 Sidelink
The tables 6.3-1 and 6.3-2 describe the possible combinations of physical channels that can be sent simultaneously in the sidelink by a UE. Table 6.3-1 introduces notation for a sidelink "Transmission Type" which represents a physical channel, and any associated transport channel. Table 6.3-2 describes the combinations of these "Transmission Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be transmitted simultaneously.
Table 6.3-1: Sidelink "Transmission Types"
	"Transmission Type"
	Physical Channel
	Associated
Transport Channel
	Comment

	A
	PSBCH
	SL-BCH
	

	B
	PSSCH
	SL-SCH
	

	C
	PSCCH
	SL-SCH
	

	D
	PSFCH
	N/A
	

	



Table 6.3-2: Sidelink "Transmission Type" combinations
	Supported Combinations 
	Comment

	A
	

	B
	

	C	Comment by Alex Manolakos - Qualcomm: Agreements:
         Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
o    FFS other values (e.g., 4, 5, 6, etc.)
         One value of the above set is (pre)configured for the sub-channel size for the resource pool.
         Size of PSCCH: X
o    X  N, where N is the number of PRBs of the subchannel
o    X is (pre)-configurable with values FFS, X

Working assumption:
Candidate numbers of PRBs for 2-symbol and 3-symbol PSCCH are 
{10, 12 15, 20, 25}

Editor Note: The number of PRBs of PSCCH can be equal to the sub-channel size (e.g., 10, 15, 20, 25 PRBs), so PSCCH can be the only PHY channel in an OFDM symbol within a subchannel

	

	 D	Comment by Qualcomm: Editor’s Note: N value has not been decided yet. 
	

	B+C
	

	Note: Depending on the UE capability, the UE may be able to perform simultaneous Uplink and Sidelink transmissions. If the simultaneous transmission of Sidelink and Uplink is beyond the UE capability, the one not prioritized can be dropped according to [TS 38.321].



The tables 6.3-3 and 6.3-4 describe the possible combinations of physical channels that can be received simultaneously in the sidelink by a UE. Table 6.3-3 introduces notation for a sidelink "Reception Type" which represents a physical channel, and any associated transport channel. Table 6.3-4 describes the combinations of these "Transmission Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be received simultaneously.

Table 6.3-3: Sidelink "Reception Types"
	"Transmission Type"
	Physical Channel
	Associated
Transport Channel
	Comment

	A
	PSBCH
	SL-BCH
	

	B
	PSSCH
	SL-SCH
	

	C
	PSCCH
	SL-SCH
	

	D
	PSFCH
	N/A 
	

	



Table 6.3-4: Sidelink “Reception Type” combinations
	Supported Combinations 
	Comment

	A
	

	B
	Note 1

	C	Comment by Alex Manolakos - Qualcomm: Agreements:
         Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
o    FFS other values (e.g., 4, 5, 6, etc.)
         One value of the above set is (pre)configured for the sub-channel size for the resource pool.
         Size of PSCCH: X
o    X  N, where N is the number of PRBs of the subchannel
o    X is (pre)-configurable with values FFS, X

Working assumption:
Candidate numbers of PRBs for 2-symbol and 3-symbol PSCCH are 
{10, 12 15, 20, 25}

Editor Note: The number of PRBs of PSCCH can be equal to the sub-channel size (e.g., 10, 15, 20, 25 PRBs), so PSCCH can be the only PHY channel in an OFDM symbol within a subchannel
	Note 1

	 D
	

	B+C
	Note 1

	Note 1: Corresponds to simultaneous reception within one sub-channel
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