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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies and establishes the characteristics of the physicals layer procedures for control operations in 5G-NR.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 38.201: “NR; Physical Layer – General Description”

[3]
3GPP TS 38.202: “NR; Services provided by the physical layer”

[4]
3GPP TS 38.211: “NR; Physical channels and modulation”

[5]
3GPP TS 38.212: “NR; Multiplexing and channel coding”

[6]
3GPP TS 38.214: “NR; Physical layer procedures for data”

[7]
3GPP TS 38.215: “NR; Physical layer measurements”
[8] 
3GPP TS 38.101: “NR; User Equipment (UE) radio transmission and reception”

[9]
3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”

[10] 
3GPP TS 38.133: “NR; Requirements for support of radio resource management”

[11] 
3GPP TS 38.321: “NR; Medium Access Control (MAC) protocol specification”

[12] 
3GPP TS 38.331: “NR; Radio Resource Control (RRC); Protocol specification”

3
Definitions, symbols and abbreviations
3.1
Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
PBCH 


Physical broadcast channel

CCE



Control channel element
CBG



Code block group
DCI



Downlink control information

HARQ-ACK

Hybrid automatic repeat request acknowledgement 
PDCCH


Physical downlink control channel
PRACH


Physical random access channel
PSS



Primary synchronization signal
PUCCH


Physical uplink control channel
QCL



Quasi-collocation
RB




Resource block
REG



Resource element group
SSS



Secondary synchronization signal
UCI



Uplink control information
4
Synchronization procedures

4.1


Cell search
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell.  
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in 3GPP TS 38.211 [4]. 
A UE shall assume that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS coexist, as defined in 3GPP TS 38.211 [4], and form a SS/PBCH block. 
For carrier frequencies smaller than or equal to 3 GHz, a UE shall assume a maximum of 4 SS/PBCH blocks per half frame. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, the UE shall assume a maximum of 8 SS/PBCH blocks per half frame. For carrier frequencies larger than 6 GHz, the UE shall assume a maximum of 64 SS/PBCH blocks per half frame. 
For a half frame and the first 14 OFDM symbols 
with 15 KHz subcarrier spacing, or the first 28 OFDM symbols with 30 KHz sub-carrier spacing, or the first 28 OFDM symbols with 120 KHz sub-carrier spacing, or the first 56 OFDM symbols with 240 KHz sub-carrier spacing, the number and first OFDM symbol indexes for candidate SS/PBCH blocks are as follows
. 
-
15 KHz sub-carrier spacing: 2 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 2 and 8.
-
30 KHz sub-carrier spacing: 4 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 4, 8, 16, and 20.

-
30 KHz sub-carrier spacing: 4 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 2, 8, 16, and 22.
-
120 KHz sub-carrier spacing: 4 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 4, 8, 16, and 20.

-
240 KHz sub-carrier spacing: 8 candidate SS/PBCH blocks with respective first OFDM symbol indexes of 8, 12, 16, 20, 33, 37, 41, and 45.
For subcarrier spacing of 15 KHz and 4 SS/PBCH blocks per half frame, 2 SS/PBCH blocks are located in each of the first and second consecutive and non-overlapping blocks of 14 OFDM symbols per half frame.
For subcarrier spacing of 15 KHz and 8 SS/PBCH blocks per half frame, 2 SS/PBCH blocks are located in each of the first, second, third, and fourth consecutive and non-overlapping blocks of 14 OFDM symbols per half frame.

For subcarrier spacing of 30 KHz and 4 SS/PBCH blocks per half frame, 2 SS/PBCH blocks are located in each of the first and second consecutive and non-overlapping blocks of 14 OFDM symbols per half frame.
For subcarrier spacing of 30 KHz and 8 SS/PBCH blocks per half frame, 2 SS/PBCH blocks are located in each of the first, second, third, and fourth consecutive and non-overlapping blocks of 14 OFDM symbols per half frame.

For subcarrier spacing of 120 KHz and 64 SS/PBCH blocks per half frame, 2 SS/PBCH blocks are located in each consecutive and non-overlapping blocks of 14 OFDM symbols per half frame except for the 5th, 10th, 15th, 20th, 25th, 30th, 35th, and 40th blocks.
For subcarrier spacing of 240 KHz and 64 SS/PBCH blocks per half frame, 4 SS/PBCH blocks are located in each consecutive non-overlapping blocks of 28 OFDM symbols in the first half of the half frame except for the 5th, 10th, 15th, and 20th blocks.
SS/PBCH blocks in a half frame are indexed [in an ascending order in time]. A UE shall determine the 3 [LSB] bits of a SS/PBCH block index per half frame from the sequence of the DMRS transmitted in the PBCH.   
A UE can be configured [per serving cell] by higher layer parameter [blocks_period]
 a periodicity of the half frames for receptions of SS/PBCH blocks per serving cell. If the UE is not configured a periodicity of the half frames for receptions of SS/PBCH blocks, the UE shall assume a periodicity of half frame. 
For initial cell search, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames.
A UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes within a same half frame are quasi-collocated with respect to […]
. A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index in different half frames are quasi-collocated with respect to […].
4.2


Timing synchronization
4.2.1
Radio link monitoring

The downlink radio link quality of the [primary cell] shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. 

If the UE is configured with a SCG, as described in 3GPP TS 38.331 [12], and the parameter [rlf-TimersAndConstantsSCG] is provided by the higher layers and is not set to release, the downlink radio link quality of the [PSCell] of the SCG shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every frame assess the radio link quality, evaluated over the previous time period defined in 3GPP TS 38.133 [10], against thresholds (Qout and Qin) defined by relevant tests in 3GPP TS 38.133 [10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in 3GPP TS 38.133 [10], against thresholds (Qout and Qin) defined by relevant tests in 3GPP TS 38.133 [10]. 

If higher-layer signalling indicates certain [slots xor subframes] for restricted radio link monitoring, the radio link quality shall not be monitored in any [slot xor subframe] other than those indicated.

The physical layer in the UE shall in frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout. When the radio link quality is better than the threshold Qin, the physical layer in the UE shall in frames where the radio link quality is assessed indicate in-sync to higher layers.
4.2.2
Link identification and switching

AUE can be configured with one or more CSI-RS resource configuration(s) for [RSRP xor SINR] measurements. The UE shall assume non-zero transmission power for CSI-RS. Parameters configured via higher layer signaling for each CSI-RS resource configuration include:
-
[resource configuration], 
-
[periodicity],
-
[antenna ports],
-
[transmission power],

-
[pseudo-random sequence generator parameter],

-
[QCL parameters],

-
[…]
4.2.3
Transmission timing adjustments

4.3
Timing for Secondary Cell Activation / Deactivation

5
Uplink Power control

5.1



Power allocation for physical uplink shared channel
5.2



Power allocation for physical uplink control channel
5.3



Power allocation for sounding reference signals
5.4



Power allocation for physical random access channel
5.5 



Power allocation for carrier aggregation
5.6



Power allocation for dual connectivity
6
Random access procedure
Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following information from the higher layers:

-
Configuration of physical random access channel (PRACH) transmission parameters (PRACH preamble format, time resources, and frequency resources for PRACH transmission).
-
An association among SS/PBCH blocks and PRACH transmission parameters.
-
Parameters for determining the root sequences and their cyclic shifts in the PRACH preamble sequence set [for the primary cell] (index to logical root sequence table, cyclic shift (
[image: image3.wmf]CS
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), and set type (unrestricted or restricted set)).

6.1


Non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access preamble and random access response. The remaining messages are scheduled for transmission by the higher layer on the shared data channel and are not considered part of the L1 random access procedure. Higher layer parameter [msg3_tp] indicates to a UE whether or not transform precoding, as described in 3GPP TS 38.211 [4], is enabled for Msg3 PUSCH transmission. 
The following steps are required for the L1 random access procedure:

-
Layer 1 procedure is triggered upon request of a PRACH transmission by higher layers.

-
[For a single PRACH transmission, a preamble index, a target preamble received power (PREAMBLE_RECEIVED_TARGET_POWER), a corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.] 
-
[A number of repetitions for a single PRACH transmission is also indicated by higher layers as part of the request.]  
-
[A PRACH transmission power PPRACH is determined as …]
-
A preamble sequence is selected from the preamble sequence set using the preamble index.

-
For single PRACH transmission, a preamble is transmitted using the selected preamble sequence with transmission power PPRACH on the indicated PRACH resource.
-
[Detection of a DCI format with CRC scrambled by the indicated RA-RNTI, as described in 3GPP TS 38.212 [5], in a PDCCH is attempted during a window controlled by higher layers as described in 3GPP TS 38.321 [11]. If detected, the corresponding DL-SCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the [XY-bit] uplink grant to the physical layer, which is processed according to Subclause 6.2.] 
6.1.1
Timing

6.2


Random access response grant
7
UE procedure for reporting control information

7.1
UE procedure for reporting HARQ-ACK

A UE can be configured
 by higher layer parameter [CBG_reTx] to receive PDSCH transmissions that include code block group (CBG) retransmissions of a data transport block. If the UE is configured by higher layer parameter layer parameter [CBG_reTx] to receive PDSCH transmissions that include CBG retransmissions, the UE is configured by [L1 or higher layer parameter CBGs_per_TB] a number of CBGs for generating respective HARQ-ACK information bits
 for an initial
 reception of a
 data transport block

. 
7.1.1
HARQ-ACK reporting in physical uplink shared channel
7.1.2
HARQ-ACK reporting in physical uplink control channel
If a UE is not configured 
for simultaneous PUSCH and PUCCH transmissions and the UE is not transmitting PUSCH
, the UE shall transmit HARQ-ACK
· on PUCCH format 1 if 
· the PUCCH format 1 transmission is over 1 symbol or 2 symbols
,
· the number of HARQ-ACK information bits is 1 or 2  
· on PUCCH format 2 if 
· the PUCCH format 2 transmission is over 1 symbol or 2 symbols,
· the number of HARQ-ACK information bits is more than 2  
· on PUCCH format 3 if 
· the PUCCH format 3 transmission is over 4 or more symbols
,
· the number of HARQ-ACK information bits is 1 or 2  
· on PUCCH format 4 if 
· the PUCCH format 4 transmission is over 4 or more symbols,
· the number of HARQ-ACK information bits is more than [2
] 
A UE transmits one or more PUCCHs within
 a period of 
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 symbols referred to as PUCCH slot. When either 
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 is supported, [one value is configured by higher layers
]. If the UE detects a DCI format in a PDCCH that configures a PDSCH reception over a number of symbols with a last symbol being within PUCCH slot 
[image: image7.wmf]n


, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within PUCCH slot 
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, where 
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 is indicated by the DCI format.  
7.1.2.1
HARQ-ACK procedures for one configured serving cell
7.1.2.2
HARQ-ACK procedures for more than one configured serving cell
7.2
UE procedure for reporting SR

7.3
UE procedure for reporting multiple UCI types

7.4
UCI repetition procedure

8
UE procedure for receiving control information
A UE shall monitor a set of PDCCH candidates 
in a control resource set according to a search space where monitoring implies attempting to detect each PDCCH candidate in the PDCCH resource set according to the monitored DCI formats
. 
8.1
UE procedure for determining physical downlink control channel assignment in common search space

A UE shall monitor PDCCH candidates in one or more of the following search spaces

-
a Type0-PDCCH common search space for a DCI format scrambled by a [SI-RNTI] on a primary cell
-
a Type1-PDCCH common search space for a DCI format scrambled by a [INT-RNTI]
If a UE is configured by higher layers to decode a DCI format with CRC scrambled by an [INT-RNTI] and if the UE detects the DCI format with CRC scrambled by the [INT-RNTI], the UE may assume that no transmission to the UE is present in OFDM symbols and resource blocks indicated by the DCI format
. The UE is configured the indication granularity for the OFDM symbols by higher layer parameter [int_symbols_unit
].   
8.2
UE procedure for determining physical downlink control channel assignment in UE-specific search space
For each serving cell, higher layer signalling configures a UE with up to 
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 control resource sets. For control resource set 
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, the configuration includes:

· a first OFDM symbol provided by higher layer parameter [pdcch_StartSymbol], 
· a number of consecutive OFDM symbols provided by higher layer parameter [pdcch_NumSymbol
], 
· a set of resource blocks provided by higher layer parameter [pdcch_RBSet
],
· a CCE-to-REG mapping provided by higher layer parameter [pdcch_mapping].
· a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter [REG_bundle
]
· [antenna port quasi-collocation provided by higher layer parameter [QCL-ConfigId

]]
· .
For non-interleaved CCE-to-REG mapping, the REG bundle size is 6
. A UE may assume that a same precoder applies to a PDCCH transmission in all REGs of a REG bundle.  
Each control resource set includes a set of CCEs numbered from 0 to 
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 is the number of CCEs in control resource set 
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. 
For a DCI format, higher layer signalling configures the UE a number of PDCCH candidates per CCE aggregation level. 

The sets of PDCCH candidates that a UE monitors are defined in terms of PDCCH UE-specific search spaces
. [A PDCCH UE-specific search space at CCE aggregation level 
[image: image16.wmf]L

 is defined by a set of PDCCH candidates.] 
A UE monitors PDCCH candidates according to a periodicity of 
[image: image17.wmf]PDCCH
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 symbols that is configured by higher layer parameter [pdcch_monitor_period
].

9
Narrowband Operation

10
Configurations and assumptions independent of physical channels or signals
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Change history
	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	New version

	2017-04
	
	
	
	
	Draft skeleton
	0.0.0

	2017-07
	
	
	
	
	Inclusion of agreements until RAN1-adhoc#2
	0.0.1


�Introducing ‘slot’ for cell search is avoided, as it is unnecessary and as slot-based operation may not have to be supported/understood for all possible services or UE types. 


�The following define search spaces for SS/PBCH blocks.


�Higher layer parameter naming in tentative for easier reference – will be updated based on the 38.331 definitions


�To be refined once the specific QCL parameters are agreed in RAN1


�The text below is essentially same as the corresponding specifications for LTE. It is assumed that the signals (CSI-RS, SS/PBCH block) used to determine IS and OOS will be described in TS38.133.


�This section is for link recovery/switching and handover wrt reporting low RSRP/SINR.


Current agreements are sufficient only for minimal specifications.  


�There are no current agreements that can lead to specifications.


�Not aware of explicit RAN1 agreement but seems simple to include (same as in LTE)


�The text below is primarily based on the respective one for LTE and corresponding items are considered to mostly/entirely remain applicable. Probably OK to include.


�No introduction of MCG and SCG aspects yet as CA/DC operations are not yet captured.


�Will capture HARQ-ACK codebook determination for all possible operating scenarios (multi-PDSCH HARQ-ACK, CBG, CA, bundling, etc.)


�Per serving cell?


�The number of bits to report can be different – e.g. with bundling.


�For retransmissions, decisions are needed for dynamic/semi-static HARQ-ACK codebook determination and for possible DCI indications.


�No decision currently exists for 2 TBs (e.g. same number for both TBs, separately configured number per TB).


�For configurations related to data TB transmissions from a UE and for indication of not transmitted CBs, UE behavior is expected to be described in 38.214 and DCI is expected to be in 38.212.


�Use of single RV field to all CBGs is expected in 38.212.


�The case that a UE is configured for PUSCH+PUCCH is TBD – need decisions on how to handle multiple UCI types, partial PUCCH/PUSCH overlap, etc.


�When UE transmits PUSCH, need decisions on when to multiplex HARQ-ACK (e.g. for partial overlap, for repetitions, etc.) and for (not) multiplexing HARQ-ACK in PUSCH associated with RAR.


�Need decisions on how the number and location of the 1 or 2 symbols is informed to the UE.


�Multi-“slot” transmission is agreed but need decision on whether the duration can vary per slot.


�Will be updated depending on whether or not an additional PUCCH format is introduced for a number of HARQ-ACK bits above 2 and below X.   


�To capture different symbols or subsets of symbols in a period of symbols (e.g. slot) being used for PUCCH


�Both 7 and 14 symbols are currently supported as slot durations – configuration by higher layers is assumed.


�To capture PDCCH monitoring periods of variable symbols, PDCCH/PUCCH using same or different numerologies, and different TAGs. Time reference for HARQ-ACK transmission is the PUCCH slot.


�PUCCH repetitions will be separately described. Also, indication of symbol(s) within the PUCCH slot will be included once details are finalized.  


�Although RAN2 agreed on multiple SR configurations and even if it is assumed that transmission instances and PUCCH resources are defined similar to LTE (RAN2 issue), there are currently no RAN1 decisions on SR transmission structure and possible multiplexing with HARQ-ACK/CSI –especially for ‘short PUCCH’. 


�CSI reporting is to be captured in 38.214. This section intents to capture multiplexing of various UCI types.


�Can add more details later, such as per activated cell, etc., based on respective agreements.


�Can remain applicable for potentially mapping multiple DCI formats to a same size (as for LTE DCI format 0 and DCI format 1A).


�There are no sufficient agreements to capture the configuration of search spaces for initial access.


�Need to have multiple CSS types, similar to LTE eMTC. Will update once the CSS design for initial access is complete (e.g. for [RA-RNTI]) and as other RNTIs are defined ([P-RNTI]) [TPC-RNTI], etc.).


�Several details, such as configurations (DCI fields, CORESET(s), etc.), multi-cell operation, etc., are pending decisions


�SFI functionality will be captured after channel structure, configuration details, and UE behavior are decided. 


�It is assumed that 36.331 specifications will reflect the maximum number of symbols and associated conditions.


�Need decisions on how resource blocks are indicated, set sizes, etc.


�It is tentatively assumed that indication of possible REG bundle sizes is by higher layers and is not implicit. Can be removed if an implicit rule is defined. REG bundle definition and indexing are in 38.211.


�TBD whether CORESET-specific or PDCCH-specific. FFS what is included in the parameter set.


�Need further decisions on configuration for monitoring periodicity (per set or per search space), scrambling sequence, numerology, etc.


�Can be updated if additional REG bundle sizes are defined for non-interleaved transmissions.


�Cross-carrier scheduling, including use of different numerologies, will be captured through the search space.


�Need to determine how, based on configured periodicity, UE monitors PDCCH and whether it is a CORESET or a search space parameter. Allowed periodicity values (symbol, slot, etc.) are TBD (start from 1 symbol) and are to be included in RAN2 specifications (likely not visible in 38.213).


�Existing agreements for BW part based operation are mostly captured by the configuration of control resource sets. Other agreements require further details for specification.


�To capture reserved resources, LTE-NR coexistence aspects, etc.
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