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The downlink transmission waveform is conventional OFDM using a Cyclic Prefix. The uplink transmission waveform is conventional OFDM using a CP with a transform precoding function performing DFT spreading that can be disabled or enabled. For operation with shared spectrum channel access, the uplink transmission waveform subcarrier mapping can map to subcarriers in one or more PRB interlaces.


Figure 5.1-1: Transmitter block diagram for CP-OFDM with optional DFT-spreading
The numerology is based on exponentially scalable sub-carrier spacing f = 2µ × 15 kHz with µ={0,1,3,4} for PSS, SSS and PBCH and µ={0,1,2,3} for other channels. Normal CP is supported for all sub-carrier spacings, Extended CP is supported for µ=2. 12 consecutive sub-carriers form a Physical Resource Block (PRB). Up to 275 PRBs are supported on a carrier.
Table 5.1-1: Supported transmission numerologies.
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	CP
	Supported for data
	Supported for synch

	0
	15
	Normal
	Yes
	Yes

	1
	30
	Normal
	Yes
	Yes

	2
	60
	Normal, Extended
	Yes
	No

	3
	120
	Normal
	Yes
	Yes

	4
	240
	Normal
	No
	Yes



The UE may be configured with one or more bandwidth parts on a given component carrier, of which only one can be active at a time, as described in clauses 7.8 and 6.10 respectively. The active bandwidth part defines the UE's operating bandwidth within the cell's operating bandwidth. For initial access, and until the UE's configuration in a cell is received, initial bandwidth part detected from system information is used.
Downlink and uplink transmissions are organized into frames with 10 ms duration, consisting of ten 1 ms subframes. Each frame is divided into two equally-sized half-frames of five subframes each. The slot duration is 14 symbols with Normal CP and 12 symbols with Extended CP, and scales in time as a function of the used sub-carrier spacing so that there is always an integer number of slots in a subframe.
Timing Advance TA is used to adjust the uplink frame timing relative to the downlink frame timing.


Figure 5.1-2: Uplink-downlink timing relation
Operation on both paired and unpaired spectrum is supported.
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[bookmark: _Toc20387918][bookmark: _Toc29375997][bookmark: _Toc37231868][bookmark: _Toc46501923][bookmark: _Toc51971271][bookmark: _Toc52551254][bookmark: _Toc90589779]5.3.2	Physical-layer processing for physical uplink shared channel
The uplink physical-layer processing of transport channels consists of the following steps:
-	Transport Block CRC attachment;
-	Code block segmentation and Code Block CRC attachment;
-	Channel coding: LDPC coding;
-	Physical-layer hybrid-ARQ processing;
-	Rate matching;
-	Scrambling;
-	Modulation: π/2 BPSK (with transform precoding only), QPSK, 16QAM, 64QAM and 256QAM;
-	Layer mapping, transform precoding (enabled/disabled by configuration), and pre-coding;
-	Mapping to assigned resources and antenna ports.
The UE transmits at least one symbol with demodulation reference signal on each layer on each frequency hop in which the PUSCH is transmitted, and up to 3 additional DMRS can be configured by higher layers.
Phase Tracking RS may be transmitted on additional symbols to aid receiver phase tracking.
The UL-SCH physical layer model is described in TS 38.202 [20].
For configured grants operation with shared spectrum channel access, described in clause 10.3, a CG-UCI (Configured Grant Uplink Control Information) is transmitted in PUSCH scheduled by configured uplink grant.

[bookmark: _Toc37231869][bookmark: _Toc46501924][bookmark: _Toc51971272][bookmark: _Toc52551255][bookmark: _Toc90589780]5.3.3	Physical uplink control channel
Physical uplink control channel (PUCCH) carries the Uplink Control Information (UCI) from the UE to the gNB. Five formats of PUCCH exist, depending on the duration of PUCCH and the UCI payload size.
-	Format #0: Short PUCCH of 1 or 2 symbols with small UCI payloads of up to two bits with UE multiplexing capacity of up to 6 UEs with 1-bit payload in the same PRB;
-	Format #1: Long PUCCH of 4-14 symbols with small UCI payloads of up to two bits with UE multiplexing capacity of up to 84 UEs without frequency hopping and 36 UEs with frequency hopping in the same PRB;
-	Format #2: Short PUCCH of 1 or 2 symbols with large UCI payloads of more than two bits with no UE multiplexing capability in the same PRBs;
-	Format #3: Long PUCCH of 4-14 symbols with large UCI payloads with no UE multiplexing capability in the same PRBs;
-	Format #4: Long PUCCH of 4-14 symbols with moderate UCI payloads with multiplexing capacity of up to 4 UEs in the same PRBs.
The short PUCCH format of up to two UCI bits is based on sequence selection, while the short PUCCH format of more than two UCI bits frequency multiplexes UCI and DMRS. The long PUCCH formats time-multiplex the UCI and DMRS. Frequency hopping is supported for long PUCCH formats and for short PUCCH formats of duration of 2 symbols. Long PUCCH formats can be repeated over multiple slots.
For operation with shared spectrum channel access, PUCCH Format #0, #1, #2, #3 are extended to use resource in one PRB interlace (up to two interlaces for Format #2 and Format #3) in one RB Set. PUCCH Format #2 and #3 are enhanced to support multiplexing capacity of up to 4 UEs in the same PRB interlace when one interlace is used.
Up to two PUCCH configurations can be configured for a UE per PUCCH group (see TS 38.331 [12]), where the first PUCCH configuration is associated with a PUCCH of priority index 0 (low) and the second PUCCH configuration is associated with a PUCCH of priority index 1 (high).
UCI multiplexing in PUCCH is supported when PUCCH transmissions of UCIs coincide in time, and are associated with the same priority (high/low).
UCI multiplexing in PUSCH is supported when UCI and PUSCH transmissions coincide in time, either due to transmission of a UL-SCH transport block or due to triggering of A-CSI transmission without UL-SCH transport block, and are associated with the same priority (high/low):
-	UCI carrying HARQ-ACK feedback with 1 or 2 bits is multiplexed by puncturing PUSCH;
-	In all other cases UCI is multiplexed by rate matching PUSCH.
UCI consists of the following information:
-	CSI;
-	ACK/NAK;
-	Scheduling request.
For operation with shared spectrum channel access, multiplexing of CG-UCI and PUCCH carrying HARQ-ACK feedback can be configured by the gNB. If not configured, when PUCCH overlaps with PUSCH scheduled by a configured grant within a PUCCH group and PUCCH carries HARQ ACK feedback, PUSCH scheduled by configured grant is skipped.
QPSK and π/2 BPSK modulation can be used for long PUCCH with more than 2 bits of information, QPSK is used for short PUCCH with more than 2 bits of information and BPSK and QPSK modulation can be used for long PUCCH with up to 2 information bits.
Transform precoding is applied to PUCCH Format #3 and Format #4.
Channel coding used for uplink control information is described in table 5.3.3-1.
Table 5.3.3-1: Channel coding for uplink control information
	Uplink Control Information size including CRC, if present
	Channel code

	1
	Repetition code

	2
	Simplex code

	3-11
	Reed Muller code

	>11
	Polar code



[bookmark: _Toc20387920][bookmark: _Toc29375999][bookmark: _Toc37231870][bookmark: _Toc46501925][bookmark: _Toc51971273][bookmark: _Toc52551256][bookmark: _Toc90589781]5.3.4	Random access
Random access preamble sequences, of four different lengths are supported. Sequence length 839 is applied with subcarrier spacings of 1.25 and 5 kHz, sequence length 139 is applied with subcarrier spacings of 15, 30, 60 and 120 kHz, and sequence lengths of 571 and 1151 are applied with subcarrier spacings of 30 kHz and 15 kHz respectively. Sequence length 839 supports unrestricted sets and restricted sets of Type A and Type B, while sequence lengths 139, 571, and 1151 support unrestricted sets only. Sequence length 839 is only used for operation with licensed channel access while sequence length 139 can be used for operation with either licensed or shared spectrum channel access. Sequence lengths of 571 and 1151 can be used only for operation with shared spectrum channel access.
Multiple PRACH preamble formats are defined with one or more PRACH OFDM symbols, and different CP and guard time. The PRACH preamble configuration to use is provided to the UE in the system information.
For IAB additional random access configurations are defined. These configurations are obtained by extending the random access configurations defined for UEs via scaling the periodicity and/or offsetting the time domain position of the RACH occasions.
IAB-MTs can be provided with random access configurations (as defined for UEs or after applying the aforementioned scaling/offsetting) different from random access configurations provided to UEs.
The UE calculates the PRACH transmit power for the retransmission of the preamble based on the most recent estimate pathloss and power ramping counter.
The system information provides information for the UE to determine the association between the SSB and the RACH resources. The RSRP threshold for SSB selection for RACH resource association is configurable by network.
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[bookmark: _Toc20387925][bookmark: _Toc29376004][bookmark: _Toc37231875][bookmark: _Toc46501930][bookmark: _Toc51971278][bookmark: _Toc52551261][bookmark: _Toc90589786]5.3.5.4	HARQ
Asynchronous Incremental Redundancy Hybrid ARQ is supported. The gNB schedules each uplink transmission and retransmission using the uplink grant on DCI. For operation with shared spectrum channel access, UE can also retransmit on configured grants.
The UE may be configured to transmit code block group based transmissions where retransmissions may be scheduled to carry a sub-set of all the code blocks of a transport block.
Up to two HARQ-ACK codebooks corresponding to a priority (high/low) can be constructed simultaneously. For each HARQ-ACK codebook, more than one PUCCH for HARQ-ACK transmission within a slot is supported. Each PUCCH is limited within one sub-slot, and the sub-slot pattern is configured per HARQ-ACK codebook.

Next Change

5.6	Access to Shared Spectrum
[bookmark: _Toc37231883][bookmark: _Toc46501938][bookmark: _Toc51971286][bookmark: _Toc52551269][bookmark: _Toc90589794]5.6.1	Overview
NR Radio Access operating with shared spectrum channel access can operate in different modes where either PCell, PSCell, or SCells can be in shared spectrum and an SCell may or may not be configured with uplink. The applicable deployment scenarios are described in Annex B.3.
The gNB operates in either dynamic or semi-static channel access mode as described in TS 37.213 [37]. In both channel access modes, the gNB and UE may apply Listen-Before-Talk (LBT) before performing a transmission on a cell configured with shared spectrum channel access. When LBT is applied, the transmitter listens to/senses the channel to determine whether the channel is free or busy and performs transmission only if the channel is sensed free.
When the UE detects consistent uplink LBT failures, it takes actions as specified in TS 38.321 [6]. The detection is per Bandwidth Part (BWP) and based on all uplink transmissions within this BWP. When consistent uplink LBT failures are detected on SCell(s), the UE reports this to the corresponding gNB (MN for MCG, SN for SCG) via MAC CE on a different serving cell than the SCell(s) where the failures were detected. If no resources are available to transmit the MAC CE, a Scheduling Request (SR) can be transmitted by the UE. When consistent uplink LBT failures are detected on SpCell, the UE switches to another UL BWP with configured RACH resources on that cell, initiates RACH, and reports the failure via MAC CE. When multiple UL BWPs are available for switching, it is up to the UE implementation which one to select. For PSCell, if consistent uplink LBT failures are detected on all the UL BWPs with configured RACH resources, the UE declares SCG RLF and reports the failure to the MN via SCGFailureInformation. For PCell, if the uplink LBT failures are detected on all the UL BWP(s) with configured RACH resources, the UE declares RLF.
[bookmark: _Toc37231884][bookmark: _Toc46501939][bookmark: _Toc51971287][bookmark: _Toc52551270][bookmark: _Toc90589795]5.6.2	Channel Access Priority Classes
The Channel Access Priority Classes (CAPC) of radio bearers and MAC CEs are either fixed or configurable:
-	Fixed to the lowest priority for the padding BSR and recommended bit rate MAC CEs;
-	Fixed to the highest priority for SRB0, SRB1, SRB3 and other MAC CEs;
-	Configured by the gNB for SRB2 and DRB.
When choosing the CAPC of a DRB, the gNB takes into account the 5QIs of all the QoS flows multiplexed in that DRB while considering fairness between different traffic types and transmissions. Table 5.6.2-1 below shows which CAPC should be used for which standardized 5QIs i.e. which CAPC to use for a given QoS flow.
NOTE:	A QoS flow corresponding to a non-standardized 5QI (i.e. operator specific 5QI) should use the CAPC of the standardized 5QI which best matches the QoS characteristics of the non-standardized 5QI.
Table 5.6.2-1: Mapping between Channel Access Priority Classes and 5QI
	CAPC
	5QI

	1
	1, 3, 5, 65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85

	2
	2, 7, 71

	3
	4, 6, 8, 9, 72, 73, 74, 76

	4
	-

	NOTE:	lower CAPC value means higher priority
-



When performing Type 1 LBT for the transmission of an uplink TB (see TS 37.213 [37], clause 4.2.1.1) and when the CAPC is not indicated in the DCI, the UE shall select the CAPC as follows:
-	If only MAC CE(s) are included in the TB, the highest priority CAPC of those MAC CE(s) is used; or
-	If CCCH SDU(s) are included in the TB, the highest priority CAPC is used; or
-	If DCCH SDU(s) are included in the TB, the highest priority CAPC of the DCCH(s) is used; or
-	The lowest priority CAPC of the logical channel(s) with MAC SDU multiplexed in the TB is used otherwise.

End of Changes



	
image1.emf
Transform 

Precoding*

Sub-carrier

Mapping

IFFT CP Insertion

*Optionally present in UL, not present in DL


Microsoft_Visio_2003-2010_Drawing11.vsd
Transform  Precoding*


Sub-carrier Mapping


IFFT


CP Insertion


*Optionally present in UL, not present in DL



image2.wmf
m


image3.wmf
[kHz]

 

15

2

×

=

D

m

f


image4.emf
Downlink frame i

Uplink frame i


Microsoft_Visio_2003-2010_Drawing12.vsd
Downlink frame i


Uplink frame i



